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(54) Input/ouput characteristic measurement method and apparatus for display device 



(57) A display control unit (31 ) reads out a dot pat- 
tern image from a pattern image data holding unit (30) 
and a grayscale pattern image containing a plurality of 
grayscale patches of gradually varying gray scale from 
a grayscale image data holding unit (32), and presents 
the thus readout images for display on a display device 
(14). A user selects the grayscale patch having bright- 
ness closest to the brightness of the dot pattern image 
by operating a selection unit (16). Based on the selec- 



tion, a gamma coefficient value is calculated by a gam- 
ma coefficient value calculation unit (36), and based on 
this gamma coefficient value, a profile creation unit (38) 
.modifies an International Color Consortium (ICC) profile 
held in a common information holding unit (39) and thus 
creates a customized ICC profile. 

Such apparatus can create an ICC profile in a sim- 
ple manner without using a specialized measuring in- 
strument. 
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Description 

[0001] The present invention relates to a terminal that has a keyboard and a display for a user to communicate with 
a data processing system or the like, and that adjusts the color reproduction of the screen of a display device. 
s [0002] The invention also relates to an input/output characteristic measurement method and an input/output char- 
acteristic calculation apparatus for obtaining the input/output characteristics, i.e., the electro-optical conversion char- 
acteristics, of a display such as a CRT display device or a liquid crystal display device. 

[0003] The invention further relates to a display profile creation method and display profile creation apparatus for 
creating a profile relating to the color appearance of the display device. 
w [0004] Furthermore, the invention relates to a display calibration method and calibration apparatus that enable ad- 
justments relating to the profile, etc. of the display device to be made in a simple manner 

[0005] The present invention further relates to a recording medium recording a program that may advantageously 
be used, for example, when adjusting the color appearance, etc. of a screen or when calculating the input/output 
characteristics of a display. 

15 [0006] With increasing prevalence of high-performance personal computers (hereinafter, personal computers may 
also be referred to as PCs) and the decreasing prices of image input devices such as scanners and image output 
devices such as color printers, the opportunities for individuals to handle color images are increasing. However, as 
more individuals have come to handle color images, color reproducibility is becoming a problem. That is, the problem 
concerns the difficulty in color matching between an original image and an image produced on a display, or between 

20 an original image and an image printed by a printer or further between an image produced on a display and an image 
printed by a printer Such a problem arises because color characteristics such as a color producing mechanism and a 
color gamut differ between different input/output devices. 

[0007] A color management system (hereinafter sometimes referred to as the CMS) is a technique for matching color 
appearance between different input/output devices such as displays, scanners, color printers, etc. Using the CMS, it 
25 becomes possible to match color appearance between an image read by a scanner and an image displayed on a 
display and also between such an image and an image output by a color printer, and an image processing system can 
be constructed that does not give the user the feeling of unnaturalness about the color appearances of the various 
images output from different input/output devices. 

[0008] In recent years, it has become common to incorporate a CMS framework at the operating system (OS) level, 
30 such as ICM (Image Color Matching) 1.0 in Windows 95 and ColorSync 2.0 in the Macintosh environment. Manufac- 
turers of input/output devices provide users with device profiles conforming to ICM 1.0 or ColorSync 2.0 so that the 
users can view color images without unnatural differences in color between images produced by different image output 
devices, for example, an image produced on a display and an image printed by a printer 

[0009] Device profiles for ICM 1 .0 and ColorSync 2.0 conform to the ICC profiles proposed by the International Color 
35 Consortium (ICC). With manufacturers of input/output devices providing device profiles conforming to the ICC Profile 
Specification, users, in the Windows environment and the Macintosh environment alike, can obtain images free from 
unnaturalness in color appearance and can use various input/output devices without having to worry about differences 
in color appearance. 

[0010] When using a CMS in a computing environment today, the ICC profiles are generally used as information 
40 holding the characteristics of input/output devices. 

[0011] Figure 51 conceptually shows the format of an ICC profile lp. Figure 52 shows dump data in hexadecimal to 
illustrate the format of the ICC profile lp in a specific example. 

[0012] As shown in Figures 51 and 52, the ICC profile lp consists of a fixed length 128-byte profile header Ph con- 
taining information on the profile itself and information on the target device (input/output device), a variable length tag 
45 table Tt indicating what information is stored where, and tag element data Ted of variable length containing actual 
information. 

[0013] In the ICC profile lp, each necessary data element is described within the tag table Tt using a 12-byte tag 
consisting of a 4-byte signature tag Ta, a 4-byte storage address tag Tb, and a 4-byte size tag Tc indicating the size 
of the data element. A 4-byte tag count tag Tn at the head of the tag table Tt contains a count of the number of tags, 

50 (n), in the tag table itself. It is therefore seen that the total number of bytes in the tag table Tt is given by 4 + 12n bytes. 
In the example of Figure 52, the tag count n is 4 (that is, 00000004h (h indicating hexadecimal notation)). 
[0014] To describe in further detail the contents of the first 12-byte tag labeled prof ileDescriptionTag PDT (see Figure 
52) following the 4-byte tag count tag Tn in the tag table Tt, the first four bytes (6465 7363) as the signature tag Ta 
indicate information (name) unique to the profile, and the next four bytes (0000 00b4) as the storage address tag Tb 

55 represent the starting address (row b and column 4) in the tag element data Ted. The last four bytes (0000 0074) as 
the size tag Tc show that the data size is 74h =116. The tag element data Ted having the size of 74h is also a Profile 
Description Tag PDT and contains information (name, etc.) unique to the profile. 

[0015] The tag element data Ted specified by the next 1 2-byte tag labeled media Whit ePointTag (also referred to as 
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wtptTag) wtpt contains CIEXY2 values of white (w). The tag element data Ted specified by the next 12-byte tag labeled 
redCoiorantTag (also referred to as rXYZTag) rXYZ contains normalized CIEXYZ values of red (r). The last 12-byte 
tag labeled redTRCTag (also referred to as rTRCTag) rTRC stores input/output characteristic values of red (r); in the 
example of Figure 52, values of 16 points are stored in the last 32 bytes (two bytes for each point). In the CCC profile 
s |p t the stored CIEXYZ values are normalized with respect to the standard illuminant of D50. 

[001 6] Figure 53 shows the color gamut of a display, such as a CRT display, plotted on an u', v' chromaticity diagram. 
In Figure 53, the horseshoe-shaped region containing the triangle bounding the range of reproducible colors (color 
gamut) indicates the limits of chromaticities distinguishable by the human eye. Figure 54 shows an example of CIEXYZ 
measurements. Further, Figure 55 shows an example of the gamma characteristic (electro-optical conversion charac- 
10 teristic) as an input/output characteristic of a display. 

[0017] In the case of a display, if the CIEXYZ values (see Figure 54) when the primary colors R, G, and B are at their 
maximum values (Rmax, Gmax, and Bmax), as shown in Figure 53, and the'input/output characteristic for each of the 
R, G, and B colors, such as shown in Figure 55, are known, then a gamma coefficient value can be calculated using 
the gamma coefficient calculation formula (IEC 1966-3) shown in equation (1 ) below defined by the International Elec- 
ts trotechnical Commission (IEC), and the display characteristics of the display can be determined using equations (2) 
to (5) below which are known linear conversion equations. Here, the CIEXYZ values of the R, G, and B colors define 
the range of reproducible colors (color gamut), and the input/output characteristic of the display is represented by the 
gamma characteristic. 
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(1) 



where 

P } = log 10 Xj (Xj - input voltage) 
30 qj = log 10 yi (y ; = display luminance) 



In equation (1), Xj represents the value of input voltage and y } the value of displayed luminance. 

x = X/(X+Y+Z) (2) 

45 y = Y/(X + Y+Z) (3) 

u' = 4X/(X+15Y+3Z) (4) 



v' =9X/(X+15Y+3Z) (5) 



[0018] As earlier described, in the ICC profile Ip for a display, the CIEXYZ values of the R, G, and B colors (refer, 
for example, to Figure 54) are stored in the rXYZ, gXYZ, and bXYZ tags (in Figure 52, the rXYZ tag is shown as an 
55 example) as information indicating the range of reproducible colors. As for the gamma characteristic, the input/output 
point values for the R, G, and B colors are respectively stored in the rTRC, gTRC, and bTRC tags. When the number 
of points in the tag is 0, it means that the gamma coefficient for that color is 1 .0, and when the number of points is 1 , 
the gamma coefficient value itself is stored. When the number of points is 2 or larger, the same number of input/output 
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point values as the number of points are stored. In the example of Figure 52, input/output point values for 16 points 
are stored in the last 32 bytes, and 1 6 output values are shown for 16 inputs dividing the section 0.0 to 1 .0 in 16 equal 

parts, i.e., 0, 1/16, 2/16 15/16. In other words, when the stored data elements are Y v Y 2 , .... Y n , for example, (in 

the example of Figure 52, n = 16), relations (input, output) = (0/n, Y^, (1/n, Y 2 ), .... ((n-1)/n, Y n ) are stored. 
5 [0019] In addition to the above, the CIEXYZ values (refer, for example, to Figure 54) when white is at its maximum 
value (Wmax) are contained in the wtpt tag as the standard white information of the display. 

[0020] In the ICC profile Ip for a display, it is usual practice to store these seven items of information (the normalized 
CIEXYZ values of the R, G, and B colors, the input/output point values for the R, G, and B colors, and the normalized 
maximum value information of white). These seven items of information can be obtained by displaying colors on the 

10 display based on color data, and by measuring the displayed luminance and CIEXYZ values using a measuring instru- 
ment (colorimeter such as a spectroradiometer). Usually, at the manufacturer, a reference display is prepared and, 
using the just mentioned measuring instrument, the luminance and CIEXYZ values of displayed colors are measured 
on the reference display; based on the obtained values, an ICC profile Ip is created which is supplied to the user. 
[0021] When creating a profile, such as the ICC profile Ip, for a display, the input/output characteristics of the display 

is must be measured. 

[0022] For example, when a manufacturer delivers a new display unit to a user or performs color matching on the 
existing display unit that the user has, the practice has been such that the manufacturer's staff carries color data of 
measurement colors to be displayed on the display unit, an application for displaying colors from the color data, a 
signal generator for directly displaying colors on the display unit, a measuring instrument for measuring the colors 
20 displayed on the display unit, etc. to the user site and, using these resources, measures the input/output characteristics 
of the display unit. Then, based on the measurement results, the manufacturer's staff calibrates the display unit or 
crea tes a profile for color display correction for the display unit and installs it on the system in which the display unit 
is used. 

[0023] Of course, the calibration of the display or creation of a profile for the display may be done at factory before 
25 shipment or by sending the user's display unit to the factory, but since colors displayed on the display are greatly 
influenced by the reflection of ambient lighting (surrounding light) on the display, it is desirable that the display setup 
or the creation of the profile be done at the site where the display is actually used, that is, at the user site. 
[0024] Further, the display calibration work by the manufacturer as described above would be costly and not practical 
for ordinary users who use their personal computers in their homes Therefore, in most cases, a profile that comes 
30 with a purchased display unit or a profile conforming to the ICC profile Ip and included as standard with an operating 
system such as Windows 95 is used as the profile data for the display. 

[0025] Manufacturers display images on a reference display using various image data, measure luminance and 
chromaticity on the display surface using a specialized measuring instrument, create a profile for color conversion, 
and supply the created profile to users. 
35 [0026] However, not all display manufacturers provide profiles, and furthermore, even in the case of a display shipped 
with a profile, the attached profile may not match the display used because of variations among individual display units 
or may become unusable because of aging or other factors. 

[0027] On the other hand, if the user desires to calibrate his display by himself, he will need a measuring instrument 
for measuring the luminance and chromaticity on the display and image data (special data used for calibration, also 

40 called reference data) for displaying images on the display for the measurement. 

[0028] Color calibration of a display requires the use of calibration image display data as reference data for collecting 
display calibration data and a measuring instrument for measuring the displayed image. Color reproduction on the 
display must account for the effects of surrounding light, such as ambient lighting, as well as the color display charac- 
teristics unique to the display used. 

45 [0029] Accordingly, it has been common practice for the manufacturer's staff to carry a special measuring instrument 
and other resources to the user site and calibrate the user's display on site. 

[0030] However, since the task of creating a profile by measuring the display using a measuring instrument involves 
extremely complicated procedures, the display calibration work has been a cost increasing factor for both the manu- 
facturer and the user. 

so [0031] For users who cannot afford the expense of display calibration using professional equipment, the only choice 
left- is to use profiles provided by the manufacturer. 

[0032] However, the color output of a display varies depending on the environment where the display is used, the 
production lot, aging, etc. Furthermore, because of variations among individual units, there is no guarantee that the 
profile provided by the manufacturer will always match the user's display. 
55 [0033] Accordingly, if a profile is to be obtained that matches the user's display a profile must be created from the 
color display characteristics of the user's display itself. 

[0034] If the user desires to create a profile for his own display, however, he will need a specialized measuring 
instrument for measuring the luminance and chromaticity on his display and reference data for displaying images to 
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obtain measurement data; the problem here is, as earlier described, such a measuring instrument is expensive and 
not readily purchasable by an individual user. Furthermore, the reference data for obtaining measurement data is quite 
special, and data suitable for use as such reference data has not been made public. 

[0035] On the other hand, display characteristics not only vary depending on the make and model, but also differ 
even between units of the same model, depending on the lot number, the length of time used, the use environment 
(particularly, lighting environment), etc. It is therefore not too much to say that each individual display unit has unique 
display characteristics. 

[0036] Accordingly, creation of a profile such as one conforming to the ICC profile format requires that the display 
characteristics unique to the display be measured and the measurement results be reflected into the profile, but for 
reasons of cost, space, etc., it is difficult for an individual user to own a measuring instrument capable of measuring 
the display characteristics of a display, and the user ends up being unable to create a profile for his display, that is, a 
profile unique to his own display. 

[0037] It is therefore desirable to address the above-enumerated problems. In particular, it is desirable to provide a 
cerminal that makes it possible to measure in a simple manner the input/output characteristics, i.e., the electro-optical 
conversion characteristics, of a display such as a CRT display device or a liquid crystal display device attached to it. 
[0038] It is also desirable to provide an input/output characteristic measurement method and input/output charac- 
teristic calculation apparatus for a display device that enable the input/output characteristics to be measured and cal- 
culated in a simple manner at the user side. 

[0039] It is also desirable to provide a profile creation method and profile creation apparatus for a display device that 
enable the user to create a profile relating to the color appearance of the display without using a specialized measuring 
instrument. 

[0040] It is also desirable to provide a calibration method and calibration apparatus for a display device that enable 
the user to perform calibration relating to the profile, etc. of the display without the need for special reference data. 
[0041] It is also desirable to provide a recording medium recording a program that makes it possible, for example, 
to adjust the color appearance, etc. of a screen, or to calculate the input/output characteristics of a display. 
[0042] A terminal embodying a first aspect of the present invention is configured to simultaneously display on a 
display device: a pattern image region consisting of first pixels of first luminance and second pixels of second luminance 
in prescribed proportions to provide prescribed luminance by an average luminance value taken over the first and 
second pixels; and a grayscale image region consisting of pixels of uniform luminance. According to this configuration, 
an input/output characteristic of the display device can be measured in a simple manner based on the displayed results. 
[0043] In this case, the input/output characteristic measurement can be further simplified by subdividing the grayscale 
image region into smaller regions each having different luminance. 

[0044] It is also possible to further simplify the input/output characteristic measurement by providing regularity in the 
arrangement of the first and second pixels in the pattern image region. 

[0045] An input/output characteristic measurement method embodying a second aspect of the present invention 
comprises: a displaying step for simultaneously displaying on a display device a pattern image consisting of a plurality 
of colors and a grayscale image consisting of a single color lying between the plurality of colors used for the formation 
of the pattern image; and an input/output characteristic deriving step for obtaining an input/output characteristic of the 
display device based on the displayed images. Since the pattern image and grayscale image are displayed simulta- 
neously, the input/output characteristic can be calculated easily. 

[0046] In this case, if the pattern image is displayed as an image consisting of first pixels of first luminance and 
second pixels of second luminance in prescribed proportions to provide prescribed luminance by an average luminance 
value taken over the first and second pixels, and the grayscale image is displayed as an image consisting of pixels of 
uniform luminance, the input/output characteristic can be obtained easily. 

[0047] For example, a grayscale pattern image containing a plurality of grayscale patches of gradually varying gray 
scale may be displayed on the display device, simultaneously with the pattern image, or alternatively, while keeping 
the pattern image displayed on the display device, the grayscale patch images forming the grayscale pattern image 
may be sequentially presented for display one at a time. 

[0048] In a preferred mode, the pattern image is displayed as a dot pattern image consisting of black pixels and 
white pixels and the grayscale image as a grayscale pattern image containing a plurality of patches consisting of gray 
pixels with the gray scale varying in steps from one patch to the next; then, the patch having brightness closest to the 
brightness of the dot pattern image is selected from the grayscale pattern image, and the input/output characteristic 
of the display device is obtained based on the selected patch. In this way, the input/output characteristic of the display 
device for gray color can be obtained easily. 

[0049] Further, by displaying the pattern image as a dot pattern image consisting, for example, of black pixels and 
non-black pixels and the grayscale image as a grayscale pattern image containing a plurality of patches consisting of 
like non-black pixels with the gray scale varying in steps from one patch to the next, the input/output characteristic for 
an arbitrary color can be obtained. 
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[0050] Furthermore, if R, G, and B colors, for example, are sequentially selected as the color of the non-black pixels 
in the dot pattern image while sequentially presenting the grayscale image pattern of the same color as the selected 
colon the input/output characteristic for each of the R, G, and B colors can be obtained. 

[0051] Moreover, the input/output characteristic obtained for white color or a predesignated non-black color (which 
5 may include any one of the R, G, and B colors), lor example, may be substituted for all or part of the input/output 
characteristics for the R, G, and B colors. 

[0052] If the dot pattern image is displayed as a checkerboard pattern image consisting, for example, of black pixels 
and non-black pixels, the image can advantageously be used for sequential scan type displays. 
[0053] By determining the displayed size of each color of the checkerboard pattern image according to the resolution 
10 of the display device, an artifact such as moire can be prevented from being generated in the displayed image, and 
the measurement can thus be made easily. 

[0054] If the ratio between the black pixels and non-black pixels in the dot pattern image is set at a value other than 
1 ;1 , the generation of moire, etc. in the displayed image can be prevented more effectively. 

[0055] By determining the black/non-black pixel ratio according to the resolution of the display device, a dot pattern 
is image optimized for the display device can be produced. 

[0056] The input/output characteristic obtained in the above method is, for example, the gamma characteristic rep- 
resenting the electro-optical conversion characteristic of the display device. The method can thus be applied to almost 
all types of display device. 

[0057] In another preferred mode : the pattern image is displayed as a stripe pattern image consisting of lines of first 
20 pixels of first luminance and lines of second pixels of second luminance, the lines running parallel to the horizontal 
scanning direction of the screen of the display device, and the grayscale image is displayed as an image consisting 
of pixels of uniform luminance. This serves to eliminate the difference between the density represented by a data value 
and the actually displayed density that occurs, for example, due to the horizontal scanning frequency of a raster scan 
type display device. 

2S [0058] For example, the lines consisting of the first pixels of the first luminance can be constructed from lines of black 
pixels and the lines consisting of the second pixels of the second luminance from lines of white pixels. The same effect 
can also be obtained if the pattern image is displayed as a stripe pattern image consisting of lines of black pixels and 
lines of non-black pixels, the lines running parallel to the horizontal scanning direction of the screen of the display device. 
[0059] !n an input/output characteristic calculation apparatus embodying a third aspect of the present invention, 

30 display control means presents the pattern image and grayscale image simultaneously for display on the display device 
based on the pattern image data and grayscale image data read out of pattern image data holding means and grayscale 
image data holding means, and input/output characteristic calculation means obtains the input/output characteristic of 
the display device based on the display of the pattern image and grayscale image. Since the pattern image and gray- 
scale image are displayed simultaneously, the input/output characteristic can be easily calculated. 

35 [0060] In this case, a grayscale pattern image containing a plurality of grayscale patches of gradually varying gray 
scale, for example, may be displayed on the display device, simultaneously with the pattern image, or alternatively, 
while keeping the pattern image displayed on the display device, the grayscale patch images forming the grayscale 
pattern image may be sequentially presented for display one at a time. 

[0061] In a preferred mode, the pattern image is displayed as a dot pattern image consisting of black pixels and 
40 white pixels and the grayscale image as a grayscale pattern image containing a plurality of patches consisting of gray 

pixels with the gray scale varying in steps from one patch to the next; then, the patch having brightness closest to the 

brightness of the dot pattern image is selected from the grayscale pattern image, and the input/output characteristic 

of the display device is obtained based on the selected patch. In this way, the input/output characteristic of the display 

device for a gray can be obtained easily. 
45 [0062] Further, if the pattern image is displayed as a checkerboard pattern image consisting, for example, of black 

pixels and non-black pixels, the image can be advantageously used, for example, for sequential scan type displays. 

[0063] By determining the displayed size of each color of the checkerboard pattern image according, for example, 

to the resolution of the display device, an artifact such as moire can be prevented from being generated in the displayed 

image, and the measurement can thus be made easily. 
so [0064] Further, if, for example, the ratio between the black pixels and non-black pixels in the dot pattern image is set 

at a value other than 1 :.1 , the generation of moire, etc. in the displayed image can be prevented more effectively. 

[0065] Furthermore, by determining the black/non-black pixel ratio according, for example, to the resolution of the 

display device, a dot pattern image optimized for the display device can be produced. 

[0066] The input/output characteristic calculated by the apparatus is, for example, the gamma characteristic repre- 
55 senting the electro-optical conversion characteristic of the display device. The apparatus can thus be applied to almost 
all types of display device. 

[0067] In another preferred mode : the pattern image is displayed as a stripe pattern image consisting of lines of first 
pixels of first luminance and lines of second pixels of second luminance, the lines running parallel to the horizontal 
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scanning direction of the screen of the display device. This serves to eliminate the difference between the density 
represented by a data value and the actually displayed density that occurs, for example, due to the horizontal scanning 
frequency of a raster scan type display device. 

[0068] When the pattern image is displayed as a stripe pattern image consisting, for example, of lines of black pixels 
5 and lines of white pixels, the lines running parallel to the horizontal scanning direction of the screen of the display 
device, it becomes possible to eliminate the difference between the density represented by a data value and the actually 
displayed density that occurs, for example, due to the horizontal scanning frequency of a raster scan type display 
device. The same effect can also be obtained if the pattern image is displayed as a stripe pattern image consisting of 
lines of black pixels and lines of non-black pixels, the lines running parallel to the horizontal scanning direction of the 
10 screen of the display device. 

[0069] If, for example, the dot pattern image or the stripe pattern image, whichever is suitable, can be selected for 
display as the pattern image, the apparatus can be applied to a wide variety of display devices. 
[0070] In a profile creation method for a display device embodying a fourth aspect of the present invention, the pattern 
image and grayscale image are displayed on the display device, an input/output characteristic is obtained based on 
is the display of the pattern image and grayscale image, and the profile of the display device is created based on the 
obtained input/output characteristic. Since the pattern image and grayscale image are displayed simultaneously on 
the display device, the profile of the display device can be created in a simple manner. 

[0071] In this case, if the pattern image is displayed as an image consisting of first pixels of first luminance and 
second pixels of second luminance in prescribed proportions to provide prescribed luminance by an average luminance 
value taken over the first and second pixels, and the grayscale image is displayed as an image consisting of pixels of 
uniform luminance, the profile of the display device can be created in a simpler manner. 
[0072] In a preferred mode, the pattern image is displayed as a dot pattern image consisting of black pixels and 
white pixels and the grayscale image as a grayscale pattern image containing a plurality of patches consisting of gray 
pixels with the gray scale varying in steps from one patch to the next; then, the patch having brightness closest to the 
2S brightness of the dot pattern image is selected from the grayscale pattern image, and the input/output characteristic 
of the display device is obtained based on the selected patch. In this way, the input/output characteristic of the display 
device for a gray color can be obtained easily, and a profile based on the input/output characteristic for the gray color 
can be created. The same effect can be obtained if the pattern image is displayed as a dot pattern image consisting, 
for example, of black pixels and non-black pixels. 
30 [0073] In the profile creation step, the profile is created based on color gamut information as well as on the input/ 
output characteristic. This enhances the accuracy of the created profile. 

[0074] By holding color gamut information for a plurality of representative display devices, a profile can be created 
that matches the target display device. 

[0075] Provisions may be made to modify the existing profile of the display device based, for example, on the obtained 
35 input/output characteristic. This enables quick and accurate creation of a customized profile. 

[0076] If R, G, and B colors, for example, are sequentially selected as the color of the non-black pixels in the dot 
pattern image while sequentially presenting the grayscale image pattern of the same R, G, or B color as the selected 
color the input/output characteristic for each of the R, G, and B colors can be obtained, thus making it possible to 
produce a profile with greater fidelity to the display device. 

[0077] Further, if the input/output characteristic previously obtained for a predesignated color is employed, for ex- 
ample, for alt or part of the input/output characteristics for the R, G, and B colors, the input/output characteristic can 
be obtained quickly, and as a result, the profile of the display device can be quickly created. 

[0078] If the dot pattern image is presented, for example, as a checkerboard pattern image consisting of black pixels 
and non-black pixels, a profile with greater adaptability to a sequential scan type display, for example, can be created. 
[0079] Furthermore, if the dot pattern image is presented, for example, as a dot pattern image consisting of black 
pixels and non-black pixels in proportions other than 1:1, the generation of moire or other artifacts is prevented, facil- 
itating the measurement. 

[0080] By employing the gamma characteristic as the input/output characteristic to be obtained, input/output char- 
acteristics applicable to almost all kinds of display devices can be calculated. 

[0081] In this case, by calculating a plurality of input value versus output value relations based, for example, on the 
obtained gamma coefficient value, and by creating the profile of the display device by including therein the thus cal- 
culated input value versus output value relations, profiles applicable to almost all kinds of display devices can be 
created. 

[0082] For example, by obtaining the input/output characteristic for gray color using a stripe pattern image consisting 
of lines of black pixels and lines of white pixels, a profile for a raster scan type display or the like can be created. 
[0083] Further, by obtaining the input/output characteristic for an arbitrary color using a stripe pattern image consisting 
of lines of black pixels and lines of white pixels, for example, a profile for a raster scan type display or the like can be 
created. 
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[0084] In a profile creation apparatus for a display device embodying a fifth aspect of the present invention, the 
pattern image and grayscale image are displayed on the display device, an input/output characteristic is obtained 
based on the display of the pattern image and grayscale image, and the profile of the display device is created based 
on the obtained input/output characteristic. Since the pattern image and grayscale image are displayed simultaneously 

5 on the display device, the profile of the display device can be created in a simple manner 

[0085] In this case, if the pattern image is displayed as an image consisting of first pixels of first luminance and 
second pixels of second luminance in prescribed proportions to provide prescribed luminance by an average luminance 
value taken over the first and second pixels, and the grayscale image is displayed as an image consisting of pixels of 
uniform luminance, the profile of the display device can be created in a simpler manner 

10 [0086] In a preferred mode, the pattern image is displayed as a dot pattern image consisting of black pixels and 
white pixels and the grayscale image as a grayscale pattern image containing a plurality of patches consisting of gray 
pixels with the gray scale varying in steps from one patch to the next; then, the patch having a brightness closest to 
the brightness of the dot pattern image is selected from the grayscale pattern image, and the input/output characteristic 
of the display device is obtained based on the selected patch. In this way, the input/output characteristic of the display 

is device for gray color can be obtained easily, and a profile based on the input/output characteristic for the gray color 
can be created. 

[0087] The same effect can be obtained if the pattern image is displayed as a dot pattern image consisting, for 
example, of black pixels and non-black pixels. 

[0088] The profile creation means creates the profile based on color gamut information as well as on the input/output 
20 characteristic. This enhances the accuracy of the created profile. 

[0089] By holding color gamut information for a plurality of representative display devices, a profile can be created 
that matches the target display device. 

[0090] In this case, provisions may be made to modify the existing profile of the display device based, for example, 
on the obtained input/output characteristic. This enables quick and accurate creation of a customized profile. 
25 [0091] If R, G, and B colors, for example, are sequentially selected as the color of the non-black pixels in the dot 
pattern image while sequentially presenting the grayscale image pattern of the same R, G, or B color as the selected 
color the input/output characteristic for each of the R, G, and B colors can be obtained, thus making it possible to 
produce a profile with greater fidelity to the display device. 

[0092] Further if the input/output characteristic previously obtained for a predesignated color is employed, for ex- 
30 ample, for all or part of the input/output characteristics for the R, G, and B colors, the input/output characteristic can 
be obtained quickly, and as a result, the profile of the display device can be quickly created. 

[0093] If the dot pattern image is presented, for example, as a checkerboard pattern image consisting of black pixels 
and non-black pixels, a profile with greater adaptability to a sequential scan type display, for example, can be created. 
[0094] Furthermore, if the dot pattern image is presented, for example, as a dot pattern image consisting of black 
35 pixels and non-black pixels in proportions other than 1 : 1 , the generation of moire or other artifacts is prevented, facil- 
itating the measurement. 

[0095] By employing the gamma characteristic as the input/output characteristic to be obtained, input/output char- 
acteristics applicable to almost all kinds of display devices can be calculated. 

[0096] In this case, by calculating a plurality of input value versus output value relations based on the obtained 
40 gamma coefficient value, and by creating the profile of the display device by including therein the thus calculated input 
value versus output value relations, profiles applicable to almost all kinds of display devices can be created. 
[0097] For example, by obtaining the input/output characteristic for gray color using a stripe pattern image consisting 
of lines of black pixels and lines of white pixels, a profile applicable, for example, to a raster scan type display or the 
like can be created. 

45 [0098] Further, by obtaining the input/output characteristic for an arbitrary color using a stripe pattern image consisting 
of lines of black pixels and lines of white pixels : for example, a profile applicable, for example, to a raster scan type 
display or the tike can be created. 

[0099] In a calibration method for a display device embodying a sixth aspect of the present invention, calibration 
data relating to a profile for a display device provided at second equipment is transmitted from first equipment to the 

50 second equipment via a network, and a calibration image and guidance based on the calibration data is displayed on 
the display device at the second equipment; thereafter, data relating to the profile of the display device is collected 
when an operation is performed in accordance with the guidance. In this way, the profile of the display device can be 
created easily based on the collected data. Text, pictorial symbols, voice, etc. can be included in the guidance. Here, 
the first equipment may be configured, for example, as a server, and the second equipment as a client. 

55 [0100] In a preferred mode, a reference profile is held at the first equipment, and calibration data relating to the 
reference profile is transmitted to the second equipment; then, data relating to the profile is collected at the second 
equipment, and the collected data is transmitted as display calibration information to the server. Based on this display 
calibration information, the first equipment modifies and updates the reference profile and holds it as a new reference 
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profile. Since the profile is modified based on the reference profile", an accurate, customized profile can be created in 
a simple manner. 

[0101] In this case, the reference profile may be held at the second equipment, and the profile be modified at the 
first equipment. 

5 [01 02] Conversely, the reference profile may be held at the first equipment, and the profile be modified at the second 
equipment. 

[0103] Alternatively, calibration data relating to the profile of the display device provided at the second equipment 
may be held at the first equipment, and data relating to the profile of the display device be collected at the second 
equipment based on the calibration data, thereby to modify the reference profile held at the second equipment. 
io [0104] In this case, provisions may be made to automatically incorporate the new modified reference profile into a 
profile created in compliance with an ICC profile in a color management system at the second equipment. 
[01 05] In another preferred mode, calibration data relating to the profile of the display device provided at the second 
equipment is transmitted from the first equipment to the second equipment via a network, and a calibration image and 
guidance based on this calibration data are displayed on the display device at the second equipment. When display 
adjusting means provided on the display device is operated, the setting of the display adjusting means is changed. 
Calibration of the display device can thus be done at the second equipment even when the calibration data is not held 
at the second equipment. 

[01 06] Preferably, data indicating the month, day, and year that the calibration data was sent to the second equipment 
is held at the first equipment, and when a predetermined period has elapsed from the calibration data transmission 
dale, a notification reminding the second equipment of the arrival of time to calibrate the display device is sent to the 
second equipment so that the settings of the display device at the second equipment are periodically updated. 
[0107] In a calibration apparatus for a display device embodying a seventh aspect of the present invention, second 
equipment is connected to first equipment via a network, and the first equipment holds calibration data and transmits 
it to the second equipment. Display control means at the second equipment displays a calibration image and guidance 
based on the thus transmitted calibration data on the display device, and when an operation is performed in accordance 
with the guidance, data relating to the profile of the display device is modified by display calibration information collecting 
means at the second equipment. Adjustments relating to the profile can thus be made at the second equipment even 
when the calibration data is not held at the second equipment. 

[0108] In a preferred mode, a reference profile is held at the first equipment, and calibration data relating to the 
reference profile is transmitted to the second equipment; then, data relating to the profile is collected at the second 
equipment, and the collected data is transmitted as display calibration information to the first equipment. Based on this 
display calibration information, the first equipment modifies and updates the reference profile and holds it as a new 
reference profile. Since the profile is modified based on the reference profile, an accurate, customized profile can be 
'created in a simple manner. 

35 [0109] In this case, the reference profile may be held at the second equipment, and the profile be modified at the 
first equipment. 

[0110] Conversely, the reference profile may be held at the first equipment, and the profile be modified at the second 
equipment. 

[0111] Of course, calibration data relating to the profile of the display device provided at the second equipment may 
be held at the first equipment, and data relating to the profile of the display device be collected at the second equipment 
based on the calibration data, thereby to modify the reference profile held at the second equipment. 
[0112] In this case, provisions may be made to automatically incorporate the new modified reference profile into a 
profile created in compliance with an ICC profile in a color management system at the second equipment. 
[01 13] In another preferred mode, calibration data relating to the profile of the display device provided at the second 
equipment is transmitted from the first equipment to the second equipment via a network, and a calibration image and 
guidance based on this calibration data are displayed on the display device at the second equipment. When display 
adjusting means provided on the display device is operated, the setting of the display adjusting means is changed. 
Calibration of the display device can thus be done at the second equipment even when the calibration data is not held 
at the second equipment. 

so [01 1 4] Preferably, data indicating the month, day, and year that the calibration data was sent to the second equipment 
is held at the first equipment, and when a predetermined period has elapsed from the calibration data transmission 
date, a notification reminding the second equipment of the arrival of time to calibrate the display device is sent to the 
second equipment so that the settings of the display device at the second equipment are periodically updated. 
[0115] In this case, the transmission may be performed using electronic mail. 

55 [01 1 6] For example, the first equipment may be configured as a WWW server, and the display control means at the 
second equipment as a browser. 

[01 1 7] A recording medium embodying an eighth aspect of the present invention records a program for implementing 
the steps of displaying pixels of first luminance and pixels of second luminance in prescribed proportions in a first 
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region of a screen, and displaying a grayscale image consisting of pixels of uniform luminance in a second region of 
the screen. Accordingly, when the program is loaded into a computer, the color appearance of the screen, for example, 
can be adjusted using the computer. 

[0118] An embodiment of a further aspect of the present invention can provide a recording medium recording a 
s program for implementing the steps of displaying pixels of first luminance and pixels of second luminance in prescribed 
proportions in a first region of a screen of an apparatus, displaying in a second region of the screen a grayscale image 
consisting of a plurality of smaller regions each containing pixels of uniform luminance, the luminance varying from 
one smaller region to the next, determining which of the smaller regions has been selected from the grayscale image, 
and calculating an input/output characteristic of the apparatus in accordance with the selected smaller region. Accord- 
10 ingly, when the program is loaded into a computer, the input/output characteristic of the apparatus can be calculated 
using the computer. 

[0119] Reference will now be made, by way of example, to the accompanying drawings, in which: 

Figure 1 is a diagram showing the configuration of a computer to which one embodiment of the present invention 
is is applied; 

Figure 2 is a block diagram showing the configuration of a profile creation apparatus according to one embodiment 
of the present invention, as applied to the computer of Figure 1 ; 

Figure 3 is a diagram showing an example of a screen display produced on the display device of the profile creation 
apparatus; 

20 Figure 4 is a diagram for explaining a grayscale image; 

Figure 5 is a diagram for explaining a pattern image; 

Figure 6 is a diagram for explaining another example of the pattern image; 

Figure 7 is a diagram showing an example of simultaneous display of a dot pattern image and grayscale pattern 
image; 

25 Figure 8 is a diagram for explaining how a gamma characteristic is calculated for an arbitrary color; 

Figure 9 is a diagram for explaining the relationship between grayscale patches and RGB values; 
Figure 10 is a diagram for explaining gamma characteristic offset and cutoff voltage; 

Figure 11 is a diagram showing an example of simultaneous display of a stripe pattern image and grayscale pattern 
image; 

30 Figure 12 is a diagram showing an example of simultaneous display of a stripe pattern image, with its white line/ 

black line ratio changed, and grayscale pattern image; 

Figure 13 is a flowchart for explaining the operation of the profile creation apparatus of Figure 2; 
Figure 14 is a block diagram showing the configuration of a profile creation apparatus according to another em- 
bodiment of the present invention; 
35 Figure 15 is a block diagram showing the configuration of a profile creation apparatus according to still another 

embodiment of the present invention; 

Figure 16 is a flowchart for explaining the operation of the profile creation apparatus of Figure 15; 
Figure 17 is a flowchart showing a modified example of the profile creation process; 
Figure 18 is a flowchart showing a modified example of the profile creation process; 
40 Figure 1 9 is a flowchart showing a modified example of the profile creation process; 

Figure 20 is a diagram for explaining the calculation of a gamma coefficient value; 

Figure 21 is a diagram showing input/output values at six points, calculated from the calculated gamma charac- 
teristic and used for the creation of an ICC profile; 

Figure 22 is a diagram for explaining the calculation of a gamma coefficient value that matches the display lumi- 
45 nance; 

Figure 23 is a flowchart for explaining the calculation of a gamma coefficient value that matches the display lumi- 
nance; 

Figure 24 is a diagram showing examples of gamma coefficient values calculated according to the display lumi- 
nance, 

so Figure 25 is a flowchart for explaining a process for creating an ICC profile using a plurality ol dot pattern images; 

Figure 26 is a diagram for explaining the process of Figure 25; 

Figure 27 is a diagram showing data obtained for the creation of an ICC profile by the process of Figure 25; 
Figure 28 is a diagram showing the conceptual configuration ol a display calibration system to which another 
embodiment of the present invention is applied; 
ss Figure 29 is a block diagram showing a specific example of the configuration of the system of Figure 28; 

Figure 30 is a flowchart for explaining the operation of the system shown in Figures 28 and 29; 
Figure 31 is a diagram showing an example of an image and guidance displayed on the displace device of a client 
in the system shown in Figures 28 and 29; 
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Figure 32 is a diagram showing another example of an image and guidance displayed on the displace device of 
a client in the system shown in Figures 28 and 29; 

Figure 33 is a diagram showing the conceptual configuration of a display calibration system to which still another 
embodiment of the present invention is applied: 

Figure 34 is a bbck diagram showing a specific example of the configuration of the system of Figure 33; 
Figure 35 is a flowchart for explaining the operation of the system shown in Figures 33 and 34; 
Figure 36 is a diagram showing a specific example of the configuration of a display calibration system to which 
yet another embodiment of the present invention is applied; 

Figure 37 is a diagram showing an example of calibration data in the form of an HTML source program; 

Figure 38 is a diagram showing the conceptual configuration of a display calibration system to which a further 

embodiment of the present invention is applied; 

Figure 39 is a block diagram showing a specific example of the configuration of the system of Figure 38; 
Figure 40 is a flowchart for explaining the operation of the system shown in Figures 38 and 39; 
Figure 41 is a diagram showing a specific example of the configuration of a display calibration system to which a 
stiil further embodiment of the present invention is applied; 

Figure 42 is a diagram showing a specific example of the configuration of a display calibration system to which a 
still further embodiment of the present invention is applied; 

Figure 43 is a diagram showing the conceptual configuration of a display calibration system to wnich a still further 
embodiment of the present invention is applied; 

Figure 44 is a block diagram showing a specific example of the configuration of the system of Figure 43; 
Figure 45 is a flowchart for explaining the operation of the system shown in Figures 43 and 44; 
Figure 46 is a diagram showing an example of a display calibration image and guidance; 

Figure 47 is a diagram showing the conceptual configuration of a display calibration system to which a still further 
embodiment of the present invention is applied; 

Figure 48 is a bbck diagram showing a specific example of the configuration of the system of Figure 47; 
Figure 49 is a diagram showing an example of management table structure for managing the next calibration date; 
Figure 50 is a flowchart for explaining the operation of the system shown in Figures 47 and 48; 
Figure 51 is a diagram showing a generalized example of ICC profile format; 
Figure 52 is a diagram showing a specific example of ICC profile format; 
Figure 53 is a diagram for explaining the color gamut of a display; 
Figure 54 is diagram showing an example of CIEXYZ values, etc.; and 
Figure 55 is a graph for explaining the gamma characteristic. 

[0120] Embodiments of the present invention will be described befow. Throughout the description hereinafter given, 
like or corresponding parts are designated by like reference numerals. 

[01 21 ] Figure 1 shows the configuration of a computer 1 0 as a user terminal to which the present invention is applied. 
As is well known, the computer 10 comprises a computer main unit 12 and a display (display means) 14, keyboard 16, 
and mouse 18 attached to the main unit 12. 

[0122] The computer main unit 12 contains, though not specifically shown here, a central processing unit (CPU) 
functioning as judging, calculating, and control means, a semiconductor memory device used to store control programs 
and application programs, a semiconductor memory device used to provide a work area, various other storage devices 
(holding means and storage means) such as a hard disk and other large-capacity auxiliary storage devices for storing 
image data, etc., input/output interfaces such as an AD converter and D/A converter, and various connecting interfaces 
providing connections with other devices. 

[0123] The display device 14 such as a CRT display as an image output means, the keyboard 16 with cursor move- 
ment keys that functions as a data input means, selection means, or designating means, and a pointing device (input 
device, selection means) such as the mouse 18 are connected to the computer main unit 12 via the connecting inter- 
faces. 

[0124] Figure 2 shows a functional block diagram showing the configuration of a profile creation apparatus 21 ac- 
cording to one embodiment of the present invention, as applied to the computer 10 shown in Figure 1. The constituent 
elements of the profile creation apparatus 21, other than the selection unit 16 (18) and display device 14, are means 
for implementing the functions carried out by the computer main unit 12 with software installed thereon. The software 
is recorded as a program on a recording medium such as a floppy disk 15A or CD-ROM 15B which is loaded into a 
floppy disk drive 17A or CD-ROM drive 17B in the computer 10 so that the program can be used by being installed, 
for example, on a hard disk or the like incorporated in the computer 10. 

[0125] The profile creation apparatus 21 includes a pattern image data holding unit 30 which holds therein pattern 
image data representing a pattern image consisting of a plurality of colors, a grayscale image data holding unit 32 
which holds therein grayscale image data consisting of a single color, and a display control unit 31 which reads out 
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the pattern image data and grayscale image data from the pattern image data holding unit.30 and grayscale image 
data holding unit 32 and presents the pattern image and grayscale image simultaneously for display on the screen of 
the display device 14. 

[0126] The profile creation apparatus 21 further includes the selection unit 16 (18) which, in accordance with user 
s selection, selects a grayscale image patch of the brightness closest to the brightness of the pattern image displayed 
on the display device 14, a gamma coefficient calculation unit 36 (input/output characteristic calculation means) which 
obtains a gamma coefficient associated with the input/output characteristic of the display device 14 based on the 
selected patch, a common information holding unit 39 which stores information other than the gamma coefficient, that 
is. common information such as color gamut information and standard white information, and a profile creation unit 38 
10 which creates a profile for the display device 14 : for example, the ICC profile Ip (see examples of Figures 51 and 52), 
based on the gamma coefficient value calculated by the gamma coefficient calculation unit 36 and on the common 
information stored in the common information holding unit 39. 

10127] Next, a detailed explanation of the pattern image data and grayscale image data stored and held in the pattern 
image data holding unit 30 and grayscale image data holding unit 32 will be given in association with displays produced 

15 on the display device 14. 

|0128J As shown in Figure 3, the pattern image 40 expressed by the pattern image data stored in the pattern image 
data notumq umt 30 and the grayscale image 42 expressed by the grayscale image data stored in the grayscale image 
data holding unit 32 are presented via the display control unit 31 for display, separately, in different regions but simul- 
taneously on the same screen of the display device 14 in the computer 10 (profile creation apparatus 21). In the region 

20 ol the patium in<~qc 40, first pixels 40a of first luminance (in the example of Figure 3, sets of black pixels indicated by 
hrtiLhmijj rind sccoikJ pixels 40b of second luminance (in the example of Figure 3, sets of white pixels) are basically 
arranged in prescribed proportions (in the example Figure 3, a checkerboard pattern consisting of black pixels and 
white pixels m proportions of 1 :1) to provide prescribed luminance by an average luminance value taken over the first 
and second p xeb (m the example of Figure 3, a value intermediate between black and white). Figure 3 shows an 

2S example o! in? pattern image 40 constructed from a combination of two colors, black and white, but checkerboard 
patlorns of othor color combinations may be used, as will be described later. Further, the number of colors need not 
be limited to two but three, four, or more colors may be used; in other words, the pattern image may be constructed 
from a combination of first to n-th pixels having first to n-th luminance values. 

[0129] On the other hand, the region of the grayscale image 42 consists of one or more uniform luminance regions 

30 (in the example of Figure 3, five regions). 

[0130] While the pattern image 40 consists of a plurality of colors, each uniform luminance region of the grayscale 
image 42 consists of a single color lying between the plurality of colors. In the example of Figure 3, the pattern image 
40 consists of the black pixels 40a and white pixels 40b : and each region of the grayscale image 42 is displayed in 
gray, a color considered to lie between the black and white colors. 

35 [0131] The construction of the pattern image 40 and grayscale image 42 will be described in further detail. 

[01 32] First, as shown in Figure 3, the grayscale image 42 is an image that contains a grayscale patch 44 consisting 
of a plurality of regions with the gray scale varying in steps from one region to the next (in the example of Figure 3, a 
total of five grayscale patches, i.e., a grayscale patch 44a of gray closest in tone to black, a grayscale patch 44b of 
gray slightly lighter than the grayscale patch 44a, a grayscale patch 44c of gray slightly lighter than the grayscale patch 

40 44b, a grayscale patch 44d of gray slightly lighter than the grayscale patch 44c, and a grayscale patch 44e of gray 
slightly lighter than the grayscale patch 44d, in decreasing order of hatching density). That is, the color of the grayscale 
patches 44a to 44e forming the grayscale image 42 is gray, a color lying between the black and white colors, as 
described above. 

[0133] When the plurality of grayscale patches 44a to 44e are displayed simultaneously on the same screen, the 
45 grayscale image 42 is then called a grayscale pattern image. Instead of displaying the grayscale image 42 as a gray- 
scale pattern image ; the grayscale patches 44a to 44e of varying gray scale may be presented for display one at a 
time, switching from one patch to another. When displaying the image by switching, a grayscale patch 44 of uniform 
density (one of the grayscale patches 44a to 44e) is displayed in the entire region where the five grayscale patches 
44a to 44e are displayed in Figure 3. In either case, the pattern image 40 is displayed at all times, that is, simultaneously 
so with the grayscale image 42. 

[0134] In Figure 3, the grayscale patches 44a to 44e are shown by hatching to indicate varying tonal densities, but 
in actuality, each of the grayscale patches 44 (44a to 44e) forming the grayscale pattern image 42 is displayed as an 
image consisting of a single color of uniform density (in the illustrated example, uniform luminance), as schematically 
shown in Figure 4, and the density (luminance) of the grayscale patch 44 can be varied by varying input image data 
55 values (RGB values). 

[0135] For example, in the computer 10, the color of an image is expressed by R, G, and B colors each represented 
by 8-bit data. Therefore, in the case of the grayscale patch 44 of gray color, by varying the R, G, and B image data 
values such that (R, G, B) = (0, 0, 0), (1,1,1), (2, 2, 2), .... (255, 255. 255), the color of the grayscale patch 44 to be 
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displayed can be varied from bfack with the RGB image data value (R, G, B) = (0, 0, 0) to white with the RGB image 
data value (R, G, B) = (255, 255, 255) by way of gray of intermediate shades with the RGB image data value (R, G 
B) = (x, x, x), 

[0136] In the display 14, each of the R (red), G (green), and B (blue) colors forms one pixel, as is well known, but in 
5 the present embodiment, it is assumed that one RGB set forms one pixel to facilitate the understanding of the invention. 
It will be recognized, however, that the present invention is also applicable if it is assumed that each of the R, G. and 
B colors forms one pixel. 

[0137] Next, a description will be given of the pattern image 40. As shown in Figure 5, the pattern image 40 is a dot 
pattern image 46 consisting of pixels of two colors, for example, black color pixels (also called black pixels) and non- 
io black color pixels, for example, white color pixels (also called white pixels); more specifically, the image consists of 
white pixels, i.e., pixel dots with the RGB image data value (R, G, B) = (255, 255, 255), and black pixels, i.e., pixel dots 
with the RGB image data value (R, G, B) = (0, 0, 0). 

[0138] The dot pattern image 46 consisting of such white pixels and black pixels is displayed on the display device 
14, as shown in Figure 3, simultaneously with the grayscale pattern image 42 containing the grayscale patches 44 of 
varying gray scale levels. As earlier noted, the grayscale patches 44 forming the grayscale pattern image 42 may be 
presented for display one at a time. 

[0139] The color used is not limited to gray, but other colors may be used for the pattern image 40 and grayscale 
image 42. For example, in the case of red color, the color of the grayscale patches 44 in the grayscale pattern image 
42 can be varied from black to red by varying the R, G, and B image data values such that (R, G, B) = (0, 0, 0), (1 , 0, 
0), (2, 0, 0), (255, 0, 0). In this case, the dot pattern image 46 should be presented as an image consisting of black 
pixels, i.e., pixel dots with the RGB image data value (R, G, B) = (0, 0, 0), and red color pixels (also called red pixels) 
as non-black pixels, i.e., pixel dots with the RGB image data value (R, G, B) = (255, 0, 0). 

[0140] - To facilitate understanding, the following description deals primarily with examples of the pattern image 40 
consisting of white pixels and black pixels and its corresponding grayscale image 42, but the same description is equally 
applicable for other color combinations such as red and black, blue and black, green and black, red and white, blue 
and white, and green and white. 

[0141] The dot pattern arrangement in the dot pattern image 46, for example : the dot ratio, can be varied as desired 
by varying the proportions of black pixels versus non-black pixels. 

[0142] While the dot pattern image 46 shown in Figure 5 is a so-called checkerboard pattern image with a white/ 
black dot ratio of 1:1, the dot pattern image 48 shown in Figure 6 has a white/black dot ratio of 3:1 with white pixels 
and black pixels contained in proportions of 3:1 . In this way, the density of the dot pattern image, i.e., the pattern image 
40, can be varied. The size of each dot forming the dot pattern image 46 is chosen to be small enough that the image 
appears as if the entire image were a halftone image when the screen of the display 14 was viewed straight-on from 
a suitable distance. 

35 [0143] By varying the dot ratio in the case of the pattern image 40 and RGB data values in the case of the grayscale 
image 42, as described above, the image density (luminance) can be varied as desired. 

[0144] Next, a description will be given of how gamma can be measured and calculated by the gamma coefficient 
calculation unit 36 based on the pattern image 40 and grayscale image 42 displayed on the display device 14. Gamma 
characteristic characterizes a CRT display, but the method hereinafter described can be applied not only to the CRT 
display but also for the measurement and calculation ol the input/output characteristics (electro-optical conversion 
characteristics) of various other display devices such as liquid crystal display devices and plasma display devices. 
[0145] For simplicity, the following description is given by ignoring the offset value and cutoff voltage of the display 
device 14 as negligible values. Denoting the output of the display device 14, i.e., the displayed luminance, as B(y), 
and the input to the display device 14, i.e., the input voltage, as E(x), the displayed luminance B is given in relation to 
the input voltage E by the following equation (6). In any equation given hereinafter, including equation (6), the symbol 
" A " is used to represent a power; for example, E*y means E raised to the power y. 
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B = E A y (6) 



The value of y in this equation is called the gamma coefficient value, and the input/output characteristic defined by y 
is called the gamma characteristic (see Figure 55). If the input voltage E and displayed luminance B at any one point, 
except the points at (E, B) = (0, 0) and (1 , 1 ), on the graph shown in Figure 55 are known, the gamma coefficient value 
can be obtained using the above equation (1), etc. 
55 [0146] Here, suppose that when the checkerboard dot pattern image 46 and five-level grayscale pattern image 42 
were simultaneously displayed on the display device 14, as shown in Figure 7, the grayscale patch 44e appeared the 
same in color (luminance) as the dot pattern image 46. The displayed luminance B(yi) of the checkerboard dot pattern 
image 46 with a white/black ratio of 1:1 is yi = 0.5. If, at this time, the RGB value of the tonal path 44 is RGB = (192, 
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192, 192), as shown in Figure 7, then the input value E(xi) is xi = 192/255 = 0.753. This means that the point with 
(input, output) = (E, B) = (xi, yi) = (0.753, 0.5) has been measured (determined) as one point on the gamma characteristic 
curve of the display device 14. 

[0147] Then, in the gamma coefficient calculation unit 36, when the three points with (input, output) = (0, 0), (0.753, 
s 0.5), and (1.0, 1.0) are substituted in equation (1) to solve for y, y= 2.45 can be derived as the gamma coefficient value. 
[0148] In this way, by simultaneously displaying the dot pattern image 46 and grayscale pattern image 42 lor com- 
parison on the screen of the display device 14 to be measured, or by sequentially displaying the grayscale patches 
44a to 44e for comparison with the dot pattern image 46 displayed on the screen, one of the grayscale patches 44a 
to 44e that appears the same in color as the dot pattern image 46 is determined, and the gamma coefficient value can 
10 be derived using the known RGB value (see Figure 7) of the thus determined grayscale patch 44. By further comparing 
the grayscale pattern image 42 (or each grayscale patch 44) with the dot pattern image 48 of a different luminance 
value such as shown in Figure 6, a plurality of points can be obtained on the gamma characteristic curve; in this way, 
a gamma coefficient value (gamma characteristic) of higher accuracy can be obtained. 

[0149] As previously stated, for the dot pattern image 46 (the pattern image 40) and its corresponding grayscale 
15 pattern image 42, not only the combination of white pixels and black pixels but other color combinations, such as red 

and black, blue and black, green and black, red and white, blue and white, and green and white, can also be used. 

[0150] For example, as shown in Figure 8, when two colors each having the same image data value for R : G, and 

B are displayed in the form of a gray dot pattern image 46 with (R, G, B) = K1(C1, CI, CI) and K2(C2, C2, C2) (CI 

and C2 are different values), the luminance of the dot pattern image 46 is given by (C1 ^ + C2 A y)/2. 
20 [0151] If this dot pattern image 46 appears the same in color as a gray grayscale patch 44 with an RGB image data 

value of (R, G, B) = K3(C3, C3, C3), then the relation (C1 /V y+ C2 A y)/2 = C3*y holds. From this equation, the gamma 

coefficient value can be derived. 

[0152] Accordingly, (R, G, B) = K1(C1, 0, 0), K2 (C2, 0, 0), and K3(C3, 0, 0) should be used as the RGB image data 
values to obtain the gamma coefficient value for red, (R, G, B) = K1(0, C1, 0), K2 (0, C2, 0), and K3(0, C3, 0) should 
2S be used as the RGB image data values to obtain the gamma coefficient value for green, and (R, G, B) = K1 (0, 0, C1), 
K2(0, 0, C2), and K3(0, 0, C3) should be used as the RGB image data values to obtain the gamma coefficient value 
for blue. 

[0153] In the above example, the offset value and cutoff voltage of the display device 14 have been ignored as 
negligible values when obtaining the gamma coefficient value, but depending on the type of display device 14, there 
30 can occur a situation where a profile with high accuracy cannot be created if these values are ignored. In such cases, 
the gamma coefficient value must be calculated using an equation that takes the offset value and cutoff voltage into 
account. 

[0154] Here, denoting the offset values for R, G, and B as Kor, Kog, and Kob, and the cutoff voltages as Ro, Go, 
and Bo, respectively, the outputs of R, G, and B, denoted Er, Eg, and Eb (in Figure 55, letter B was used to denote 
35 displayed luminance, but to avoid confusion with B in RGB, letter E is used here) can be expressed by the following 
equations (7), (8), and (9), respectively. 

Er= (R-Ro) A yR + Kor (7) 

40 

Eg = (G-Go)^yG + Kog (8) 

45 Eb = (B-Boy^yB + Kob (9). 

where /v yR, ^yG. and are the gamma coefficient values for R, G, and B, respectively. The cutoff voltages Ro, Go, 
and Bo represent the input value (RGB value) at which the output luminance E begins to change when the input RGB 
value is applied to the display device under measurement. 

so [0155] More specifically, when a plurality of grayscale patches with different RGB values are arranged in increasing 
order of the RGB value and displayed with the blackest patch at the leftmost end as shown in Figure 9 (in the example 
of Figure 9, nine grayscale patches are displayed), the RGB value at the point where color appears to change is the 
cutoff RGB value, which is (R, G, B) = (50, 50, 50) in the example of Figure 9. In the example of Figure 9, the four 
grayscale patches at the left all appear black, as shown in the figure. 

ss [0156] As for the offset value, the screen of the display device 14 when power is cut off is compared with the screen 
when a black image (RGB value is (RGB) = (0, 0, 0)) is displayed, and if the difference is not distinguishable, the offset 
value can be assumed to be zero and be ignored. If the difference is distinguishable, brightness or contrast should be 
adjusted on the display device 14, before starting the measurement, to vary the brightness or contrast setting so that 
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the offset value can be ignored. By making measurements on the display device'1 4 in this condition, the characteristics 
of the display device 14 can be measured under good conditions where there is no need to consider the offset value. 
[0157] Figure 10 shows the offset values Kor, Kog, and Kob and cutoff voltages (cutoff values) Ro, Go. and Bo in 
relation to the gamma characteristic. When the display is successfully adjusted to a point where the offset values Kor, 
Kog, and Kob can be ignored, the offset values Kor, Kog, and Kob become zero, i.e., Kor = Kog = Kob = 0. 
[0158] In the above embodiment, the pattern image data stored in the pattern image data holding unit 30 has been 
described as being image data representing the checkerboard dot pattern image 46 (see Figure 5) with a black/non- 
black pixel ratio of 1:1 or pattern image data representing the dot pattern image 48 (see Figure 6) consisting of black 
pixels and non-black pixels in proportions other than 1:1. However, depending on the type of display device 14, there 
are cases where a gamma coefficient value with higher accuracy can be obtained if a stripe pattern image 50 is used 
that consists of lines 50a of black pixels and lines 50b of non-black pixels running parallel to the horizontal scanning 
direction of the display device 14, as schematically shown in Figure 11 (in the example of Figure 11, the black pixel 
lines 50a are equal in thickness to the non-black pixel lines 50b (in this example, white lines), and the ratio between 
the black pixels and white pixels is 1 :1 ). In Figure 1 1 , the grayscale pattern image 42 is displayed as an image consisting 
of a plurality of grayscale patches 44 (44a to 44i) like the one shown in Figure 9. 
[0159] Generally in a raster scan display device such as a CRT display, as the horizontal scanning frequency in- 
creases, the possibility that the input RGB value may not match the display RGB value increases in the case of the 
dot pattern image 46 or 48; accordingly, the gamma coefficient value can be measured and calculated with higher 
accuracy if the stripe pattern image 50 shown in Figure 11 is used in place of the dot pattern image 46 or 48. 
20 [0160] In this case also, the accuracy of the gamma coefficient value can be enhanced by making measurements 
using a stripe pattern image 52 consisting of black pixel lines 52a and non-black pixel lines 52b with black pixels and 
white pixels contained in proportions other than 1 :1 , as shown in Figure 1 2. 

[0161] In contrast, in a sequential scan display device such as a liquid crystal display device or a plasma display 
device, the input and display RGB values are generally in good agreement compared with the CRT display; therefore, 

2S in most cases it is preferable to use the dot pattern image 46, etc. 

[0162] For example, in a liquid crystal display device or a plasma display device, since the gamma coefficient value 
is close to 1 .0 compared with the CRT display or the like, the dot pattern image 46, consisting of black pixels ((R, G, 
B) = (0, 0, 0)) and white pixels ((R, G, B) = (255, 255, 255)), appears close in color to the grayscale patch 44 of the 
intermediate gray color ((R, G, B) = (128, 128, 128)). 

30 [0163] Accordingly, if the pattern image data representing the dot pattern images 46 and 48 and the pattern image 
data representing the stripe pattern images 50 and 52 are both stored in the pattern image data holding unit 30 with 
provisions made to selectively supply the pattern image data to the display device 14 through the selection unit 16(18) 
which also functions as a pattern image selection means, it becomes possible to supply optimum pattern image data 
to the display device 14, whether it is a CRT display, a liquid crystal display device, or a plasma display device. 

35 [0164] Next, the operation of the profile creation apparatus 21 of the embodiment shown in Figure 2 will be described 
with reference to the flowchart of Figure 13. 

[0165] First, the display control unit 31 reads out the pattern image data from the pattern image holding unit 30 and 
presents the pattern image 40, represented by the pattern image data, for display on the display device 14 (step S1), 
and also reads out the grayscale image data from the pattern image holding unit 30 and presents the grayscale image 
40 42, represented by the grayscale image data, for display (step S2). 

[0166] At this time, while keeping the pattern image 40 displayed on the screen, either the grayscale image 42 is 
displayed by sequentially presenting the grayscale patches 44 of varying tonal densities, or the grayscale pattern image 
42 consisting of a plurality of grayscale patches 44 of varying tonal densities is displayed; in this condition the grayscale 
patch 44 that appears the same in color (brightness) as the pattern image 40 is determined and measured (step S3). 
This determination can be made with high accuracy by using a specialized measuring instrument, but since the meas- 
urement is made through a comparison, the determination can also be made with fairly high accuracy by the human 
eye. In other words, according to the present invention, the grayscale patch that definitely appears the same to the 
human eye can be determined. 

[0167] Using the selection unit 16 (18) such as the keyboard 16 or the mouse 18, the mouse cursor, not shown, is 
pointed at the grayscale patch 44 that appears the same in color, and the mouse 18 is clicked on it. In this way, the 
determination can be made with high accuracy without using a specialized .measuring instrument. 
[0168] When the result of the determination and selection made by operating the selection unit 16 (18) is fed back 
to the display control unit 31 , the RGB value of the grayscale patch 44 determined to be the same in color (brightness) 
as the pattern image 40 is supplied from the display control unit 31 to the gamma coefficient calculation unit 36. The 
gamma coefficient calculation unit 36 obtains from the RGB value a coordinate point on the gamma characteristic 
curve, as previously described, and calculates from the obtained coordinate point the gamma coefficient characteristic 
as the input/output characteristic (step S4). 

[0169] Next, based on the thus obtained gamma coefficient value, an ICC profile Ip (see Figure 52) is created by the 
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profile creation unit 38 (step S5). 

[0170] As explained with reference to Figure 52, the ICC profile Ip contains white color information and color gamut 
information as well as the gamma characteristic. However, unlike the gamma characteristic, the white color and color 
gamut of a display device 1 4 do not vary substantially among display devices 1 4 of the same kind and the same model; 

5 therefore, a profile having adequate precision can be created by using the white color and color gamut information of 
a reference display device without strictly measuring the white color and color gamut of each individual display device 
14. In view of this, in the profile creation apparatus 21 of Figure 2, reference white color information and reference 
color gamut information are stored in advance as common information in the common information holding unit 39. The 
profile creation unit 38 can thus create the ICC profile Ip by using the measured gamma coefficient value unique to 

10 the display device 14 and the common information such as the white color information and color gamut information 
common to the display devices 14 of the same model. 

[01 71] The following program is recorded on a recording medium such as the floppy disk 1 5A or CD-ROM 1 5B shown 
in Figure 1 . Referring, for example, to Figure 3, the program contains instructions for executing the step of displaying 
the pixels 40a of a first luminance and pixels 40b of a second luminance in prescribed proportions in a first region of 
is the screen (the region of the pattern image 40) (step S1 ) and the step of displaying the grayscale image 42 ; consisting 
of pixels of uniform luminance, in a second region of the screen (the region of the grayscale image 42) (step S2). By 
loading this program into the computer 10, the color appearance of the screen of the display device 14, for example, 
can be adjusted using the computer 10. 

[0172] Further, a recording medium such as the floppy disk 15A or CD-ROM 15B records a program for executing 
20 the step of displaying the pixels 40a of first luminance and pixels 40b of second luminance in prescribed proportions 
in a first region (for example, the region of the pattern image 40) of the screen of the display device 14 (see Figure 3) 
(step S1), the step of displaying in a second region of the screen (for example : the region of the grayscale image 42) 
the grayscale image 42 consisting of a plurality of smaller regions (for example, the grayscale patches 44a to 44e) 
each containing pixels of uniform luminance, the luminance being different for each smaller region (for each of the 
25 grayscale patches 44a to 44e) (step S2), the step of determining which smaller region has been selected from among 
the smaller regions 44a to 44e of the grayscale image 42 (step S3), and the step of calculating the input/output char- 
acteristic of the display device 14 in accordance with the selected smaller region (step S4). By loading this program 
into the computer 10, the gamma coefficient value as the input/output characteristic of the display device (the display 
device 14 of the computer 10) can be calculated using the computer 10. A program for executing the step of creating 
30 the ICC profile Ip may also be recorded on the recording medium. 

[0173] Figure 14 shows the configuration of a profile creation apparatus 22 according to another embodiment of the 
present invention. 

[0174] The profile creation apparatus 22 includes a common information selection unit 54 which is interposed be- 
tween the common information holding unit 39 and the profile creation unit 38. The common information holding unit 

35 39 holds therein reference white color information and reference color gamut information for a plurality of representative 
display devices, for example, display devices classified by manufacturer. The user can select the common information 
corresponding to the type of his display device 1 4 via the common information selection unit 54 
[0175] Rather than having the user make the selection, provisions may be made so that the OS or the profile creation 
apparatus 22 itself makes the selection. For example, in the computer 10 in which an OS such as Windows 95 is 

40 installed, the display device 14 sends ID information to identify itself to the OS. Though not shown here, the computer 
10 (the profile creation apparatus 22) can be configured to automatically respond to the ID information and selects, 
via the common information selection unit 54, the common information that best matches the ID information originating 
display unit 14 from among the information held in the common information holding unit 39. 

[0176] As earlier described, under PC environments, color management systems using ICC profiles Ip have begun 
45 to be used, and manufacturers are selling display devices with their ICC profiles Ip included with them or attached to 
the OS. These existing ICC profiles Ip do not always match every individual user's display device 1 4 but are considered 
to have a certain level of precision. 

[0177] One possible approach here is to produce a customized ICC profile Ip for the display device 14 by modifying 
an existing ICC profile, rather than creating an ICC profile Ip. 
50 [0178] Figure 15 shows the configuration of a profile creation apparatus 23 in accordance with an embodiment in 
which a customized ICC profile Ip is produced by modifying an existing ICC profile Ip. The profile creation apparatus 
23 differs from the profile creation apparatus 22 of Figure 1 4 in that the profile creation unit 38 is replaced by a profile 
modification unit 58, and in that a profile holding unit 56 holding therein existing ICC profiles Ip is connected to the 
profile modification unit 58. 

55 [0179] The operation of the profile creation apparatus 23 will be described with reference to the flowchart of Figure 16. 
[0180] First, the display control unit 31 presents the pattern image 40 for display on the display device 1 4 (step S11 ), 
and also presents the grayscale image 42 for display (step S12). The profile modification unit 58 reads out an existing 
ICC profile Ip from the profile holding unit 56 (step S13). 
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[0181] The display control unit*31 measures display characteristics (step S14), and the gamma coefficient calculation 
unit 36 calculates the gamma coefficient value based on the measured display characteristics (step S15). 
[0182] The profile modification unit 58 alters the contents of gamma characteristic information (the contents of the 
rTRC tag, gTRC tag, and bTRC tag, etc.) in the existing ICC profile Ip, but the contents of other information (rXYZ, 
gXYZ, bXYZ) are not altered and the existing values are used without modification. In this way, the profile modification 
unit 58 produces a customized ICC profile Ip by modifying the existing ICC profile Ip (step S16). 
[0183] Using an existing ICC profile Ip, it becomes possible to create an ICC profile Ip with higher accuracy. It should, 
however, be noted that the display characteristics of the display device 14 change with age; therefore, by making 
provisions to store the customized ICC profile Ip in the profile holding unit 56 as an existing ICC profile Ip in case there 
arises a need to regenerate the ICC profile Ip in future, the accuracy of the ICC profile Ip can be maintained over a 
long period of time. 

[01 84] A description will be given below of modified examples of the input/output characteristic calculation and profile 
creation process that are applicable to any of the profile creation apparatuses 21 to 23 shown in Figures 2, 1 4, and 1 5. 
[0185] The processing example shown in Figure 17 obtains the gamma characteristic for each of the R, G, and B 
colors. First, based on the color selection made via the selection unit 16(18), the display control unit 31 presents the 
pattern image 40, consisting, for example, of black pixels and red (R) pixels as non-black pixels, and the grayscale 
pattern image 42 of red (R) for display on the display device 14 (steps S21 , S22, S23), measures the display charac- 
teristic for red (step S24), and calculates the input/output characteristic for red (step S25). 

[0186] Next, the pattern image 40, consisting of black pixels and green (G) pixels, and the grayscale pattern image 
42 of green are displayed, the display characteristic for green is measured, and the input/output characteristic for green 
is calculated (steps S21 to S25). 

[0187] Finally, the pattern image 40, consisting of black pixels and blue (B) pixels, and the grayscale pattern image 
42 of blue are displayed, the display characteristic for blue is measured, and the input/output characteristic for blue is 
calculated (steps S21 to S25). 

[0188] In this way, by obtaining the gamma characteristics for all of the R, G, B primaries producing color on the 
display device 14, an ICC profile Ip with higher accuracy can be created (step S26). 

[0189] However, since the displayed luminance of the display device 1 4 is lower for blue than for red and green, and 
since the human eye is less sensitive to blue : there are cases where a highly accurate measurement cannot be made 
for blue. In such cases, the input/output characteristic measured for red or green may be substituted for the input/ 
30 output characteristic for blue. 

[0190] In view of this situation, the processing example shown in Figure 18 specifies an arbitrary color by means of 
the selection unit 16 (18) from among prestored colors (step S31). Next, the pattern image 40, consisting of black 
pixels and pixels of the specified color as non-black pixels, and the grayscale pattern image 42 of the specified color 
are presented for display (steps S31, S32, S33), the display characteristic for the specified color is measured (step 
S34) : and the input/output characteristic for the specified color is calculated and is used directly as the input/output 
characteristic for a desired color (step S35). Then, the ICC profile Ip is created (step S36). 

[0191] It will be appreciated that the color to be specified and the color to be measured can be interchanged : and 
also that, though not shown in the flowchart, the gamma characteristic for an already measured color can be substituted 
for the gamma characteristic for the specified color. 

[0192] The gamma coefficient value storing field (rTRC tag, gTRC tag, bTRC tag) of the ICC profile Ip shown in 
Figure 51 is capable of holding not only the gamma coefficient value itself, but also two or more input/output point 
values, as earlier described. 

[0193] In the processing example shown in Figure 1 9, the dot pattern image 46 (see Figure 5) is displayed as the 
pattern image 40, and at the same time, the grayscale image 42 is displayed (steps S41 , S42) (see the display shown 
45 in Figure 7). 

[0194] In the displayed condition of Figure 7, the grayscale patch 44 that matches the brightness of the dot pattern 
image 46 is determined, and the gamma characteristic value is measured (step S43). In this example, it is assumed 
that the grayscale patch of (R, G, B) = (192, 192, 192) designated by reference numeral 44e in Figure 7 matches the 
color appearance of the dot pattern image 46 having a white/black ratio of 1:1. 

[0195] In this case, three points with (input, output) = (x, y) = (0, 0), (0.753, 0.5), and (1.0, 1.0) are obtained as values 
for measuring the gamma coefficient value, as shown in Figure 20. Here, the numerical value 8(y) = 0.5 represents 
the displayed luminance of the dot pattern image 46 with a white/black ratio of 1:1, and the numerical value E(x) = 
0.753 represents the ratio of the measured RGB value 1 92 to the maximum value 255 of the input RGB value (1 92/255). 
Figure 20 shows point A (0.5, 0.5) where the input RGB value E(x) is x = 0.5 and the displayed luminance B(y) is y = 
55 0.5, point C (x, 0) where E(x) is x = x, and point B (x, 0.5) on a gamma characteristic curve whose gamma coefficient 
value is unknown, where the input RGB value E(x) is x = x and the displayed luminance B(y) is y = 0.5. 
[0196] By substituting the values of the above three points into equation (1 ), a gamma coefficient value of 2.443 is 
calculated (step S44). 
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[0197] Using the input/output characteristic equation (6) t six outputs E A 2.443 = (0, 0.01 96, 0.1066, 0.2871 , 0.5798, 
1 0) are calculated for six inputs E = (0, 0.2, 0.4, 0.6, 0.8, 1 .0), as shown in Figure 21 (step S45). By storing the thus 
calculated input/output values for six points (input/output sets) in the ICC profile lp, a new ICC profile Ipcan be produced 
(step S46). 

5 [01 98] The gamma characteristic of the display device 1 4 generally obeys the relation B = E^y previously shown in 
equation (6). However, in a low luminance region where the luminance is relatively low (for example, the region of the 
displayed luminance B(y) = 0 to 0.35 in Figure 22), or in a high luminance region where the luminance is relatively high 
(for example, the region of the displayed luminance B(y) = 0.65 to 1 .0 in Figure 22), the luminance may deviate from 
the relation B = E^ (6) obtained for the luminance B(y) = 0.5. 

10 [0199] A processing example that solves this problem is shown in Figure 23. First, the gamma characteristic of the 
display device 14 is divided into a plurality of regions, that is, the low luminance region (the region of B(y) = 0 to 0.35), 
the middle luminance region (the region of B(y) = 0.35 to 0.65), and the high luminance region (the region of B(y) = 
0.65 to 1 .0). Then, the pattern image 40 with a white/black ratio of 1 :1 (in this case, the dot pattern image 46) and the 
grayscale pattern image 42 are displayed, the grayscale patch 44 that matches the brightness of the pattern image 40 

is is determined, and the input RGB value E2 = E2(x2, 0) in the middle luminance region is measured (steps S51 to S54). 
[0200] Next, the white/black ratio in the pattern image 40 to be displayed is changed to 1 :3 (step S55). and the input 
RGB value El = El (x1 , 0) in the low luminance region is measured (steps S51 to S54). 

[0201] Finally, the white/black ratio in the pattern image 40 to be displayed is changed to 3:1 (step S55), and the 
input RGB value E3 = E3(x3, 0) in the high luminance region is measured (steps S51 to S54). 

20 [0202] Next, the gamma coefficient value for each luminance region is calculated in accordance with equation (1) 
(step S56). That is, as shown in Figure 24, the gamma coefficient value y1 for the low luminance region is calculated 
from the input/output relations (input, output) = (0, 0), (x1 : 0.25), and (1 .0, 1 .0), the gamma coefficient value 72 for the 
middle luminance region is calculated from the input/output relations (input, output) = (0, 0), (x2, 0.5), and (1.0, 1.0), 
and the gamma coefficient value y3 for the high luminance region is calculated from the input/output relations (input, 

25 output) = (0, 0), (x3, 0.75), and (1 .0, 1 .0). 

[0203] Then, using the thus calculated gamma coefficient values y1, y2, and y3, the input/output relations in the 
respective luminance regions are calculated from the results of equation (6) obtained for the respective luminance 
regions (step S57). That is, as shown in Figure 24, for inputs E(x) = 0.1 , 0.2, 0.3, 0.4, 0.5, and 0.6, outputs B(y) = B11 , 
B12, B13, B14 ; B15 and B16 are calculated based on the gamma coefficient value y1; for inputs E(x) = 0.7 and 0.8, 

30 outputs B(y) = B17 and B18 are calculated based on the gamma coefficient value y2; and for an input E(x) = 0.9, an 
output B(y) = B19 is calculated based on the gamma coefficient value y3. 

[0204] By storing these values in thelCC profile lp, a new ICC profile lp is produced (step S58). The thus produced 
ICC profile lp has extremely high accuracy, faithfully reproducing the characteristics of the display device 14. 
[0205] Since the ICC profile lp is capable of storing the relations between the input and output values of the gamma 
35 characteristic, as described above, the measurement points obtained by comparing the pattern image 40 and grayscale 
pattern image 42 may be stored directly. 

[0206] This is illustrated in the processing example shown in Figure 25, in which dot pattern images 46 with white/ 
black ratios of 1:4, 2:3, 3:2, and 4:1, respectively, are sequentially presented for display as the pattern image 40, and 
input values E(x) = x1, x2, x3, and x4 are obtained for four points with output values B(y) = 0.2 (1/5), 0.4 (2/5), 0.6 
40 (3/5), and 0.8 (4/5), as shown in Figure 26 (steps S61 to S65). 

[0207] After completing the measurement for the input values E(x) corresponding to the output values B(y) of the 
predetermined four points : the relations between the input and output values (see Figure 27) are stored in the ICC 
profile lp, and the ICC profile lp is thus produced (step S66). 

[0208] Figures 28 and 29 show the configuration of still another embodiment of the present invention. Figure 28 
45 illustrates the conceptual configuration of a display calibration system 100 according to this embodiment, and Figure 
29 shows a specific example of the configuration of the display calibration system 1 00 according to this embodiment 
(the same reference numeral 100 is used between the two figures). 

[0209] In Figures 28 and 29, the display calibration system 1 00 comprises a server 1 02 as first equipment responsible 
for data storage, management, etc. and one or more clients 106 as second equipment connected to the server 102 
so via a network 104 which is a communications circuit such as a LAN or the Internet. Each individual equipment is, 
basically, a computer by itself. The server 102 performs processing in response to various requests made from the 
clients 106, and the clients 106 use the functions of the server 102. The network 104 is responsible for data transfers 
between the server 102 and the clients 106. 

[021 0] Since the server 1 02 and clients 1 06 are computers by themselves, each of them comprises a computer mam 
55 unit 12, display device 14, keyboard 16, and mouse 18, as previously shown in Figure 1. 

[0211] The server 1 02 includes a calibration data holding unit 110 for holding therein calibration data 108 relating to 
the ICC profile Ipof the display device 14 provided at each client 106, and a transmitting unit 112 for transmitting the 
calibration data 108 to the target client 106 via the network 104. 
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[021 2] Each client 1 06 includes a receiving unit 1 1 4 for receiving the calibration data 1 08 transmitted over the network 
104, a display control unit 31 as a display producing application for displaying an image corresponding to the received 
calibration data 1 08 (including a calibration image displayed based on the calibration data 1 08 and characters displayed 
as guidance) on the display device 14, and a display calibration information collection unit 1 1 8 for collecting data relating 
to the profile of the display device 14 in response to the operation of the keyboard 16, etc. by a user 116. 
[0213] In the display calibration system 100 of Figures 28 and 29, the calibration data 108 used for making adjust- 
ments relating to the profile of the display device 14 is stored only at the server 102. 

[0214] Next, the operation of the display calibration system 100 shown in Figures 28 and 29 will be described with 
reference to the flowchart of Figure 30. 

[0215] First, when the user 1 16 wants to calibrate the display device 14 of the client 106, he sends a request to the 
server 102 via the receiving unit 11 3 of the client 106 for the transfer of the calibration data 108 held in the calibration 
data holding unit 110 (step S71). 

[0216] In response to the transfer request, the server 102 sends the calibration data 108 to the receiving unit 114 of 
the client 106 via the transmitting unit 112 and via the network 104 (step S72). 

[0217] The display control unit 31, upon detecting the arrival of the calibration data 108 through the receiving unit 
114, displays a calibration image based on the calibration data 108, along with a guidance message (text data), which 
reads, for example, "Measure CIE XYZ values using a measuring instrument," on the display device 14 (step S73). 
[0218] In this case, a grayscale image consisting only of red color, for example, is displayed on the display device 
14, and the user 116 measures color values for the red color display using a measuring instrument (not shown), as an 
example of the display calibration information collection unit 11 8, in accordance with the guidance message (step S74). 
[0219] The color displayed on the display device 14 is usually measured in terms of X value, Y value, and Z value 
on the CI E XYZ chromaticity diagram (see Figure 53). In addition to the CIE XYZ values, values used to describe colors 
include, RGB, xy, uv, and uV : but all of these values can be derived by linear conversion from the CIE XYZ values. 
[0220] In this way, display calibration information as color calibration data is collected through the display calibration 
25 information collection unit 118 (step S75). 

[0221] By measuring several representative colors, such as blue, green, white, gray, and black, in addition to red, 
and obtaining their XYZ values, calibration can be performed relating to the ICC profile Ip, etc. of the display device 14. 
[0222] According to the display calibration system 100 of this embodiment, if a measuring instrument is available, 
the user 116 can collect data (measurement data taken by using the measuring instrument) necessary for the color 
calibration of the display device 14 by having a calibration image based on the calibration data 108 displayed on the 
display device 14 via the network 104. 
[0223] In this way, the user 116 of every client 106 connected to the network 104 can perform calibration relating to 
the ICC profile Ip, etc. of the display device 14 at the client 106 based, for example, on the same calibration data 108. 
[0224] The calibration relating to the ICC profile Ip, etc. of the display device 14 can be performed without using a 
35 specialized measuring instrument. 

[0225] In this case, as shown, for example, in Figure 31 , the dot pattern image 46 consisting of black pixels and non- 
black pixels (in this example, a checkerboard dot pattern image with a white/black ratio of 1 : 1 ) and the grayscale pattern 
image 42 consisting of a plurality of grayscale patches 44 (44a to 44i) of varying tonal densities are presented for 
display, along with such guidance messages as "Compare the top and bottom images", "Which bottom image appears 
*o closest to the density of the top image?", and "You can easily tell if you look at the screen from a distance." 

[0226] As explained with reference to Figure 55, the luminance B of the display device 14 exhibits a tight-emission 
pattern that follows the gamma characteristic. With a gamma value of 1 .0, the luminance of the white/black dot pattern 
image 46 would become equal to that of the grayscale patch 44 having the intermediate gray color ((R : G, B) = (1 27, 
127, 127)) in the grayscale pattern image 42. However, since the gamma value of a CRT display or the like is greater 
45 than 1 .0, the luminance of the white/black dot pattern image 46 becomes equal to that of the grayscale patch 44 having 
a gray color lighter than the intermediate gray Accordingly, the gamma characteristic of the display device 14 can be 
obtained by selecting, using the keyboard 1 6, etc. , the grayscale patch 44 that matches the luminance of the dot pattern 
image 46. In other words, the user 116 has only to operate the client 106 to answer the question in accordance with 
the guidance and the images 42 and 46 displayed on the display device 14; then, data relating to the ICC profile Ip of 
so the display device 14 is collected by the display calibration information collection unit 118 of the client 106. 

[0227] If the display device 14 has a relatively high resolution, an artifact called moire may appear on the display 
due to the interference between the frequency of the white/black dot pattern image 46 and the drawing frequency. The 
occurrence of moire may impair the accuracy of the visual comparison work of the user 116. To avoid this, the dot 
pattern image 46 is generated not on a dot-by-dot basis, but in blocks of two dots (for example, when contiguous two 
dots at the attention point are white dots, contiguous two dots horizontally and vertically adjacent to the white dots are 
displayed as black dots) or in blocks of three dots, while holding the white/black ratio at 1 : 1 , in other words, in the so- 
called checkerboard pattern. Since this causes the dot frequency to shift from the drawing frequency, no interference 
occurs, and the measurement can be performed without the interference of moire. 
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[0228] While using larger dots can prevent the occurrence of moire, if the dot size becomes too large, it becomes 
difficult to perform a comparison with the grayscale patch 44. Since the comparison with the grayscale patch 44 can 
be accomplished easier as the dot size of the dot pattern image 46 becomes smaller, it is desirable not to make the 
dot size larger than necessary. Therefore, by checking the resolution or drawing frequency of the display device 1 4 in 
s advance and by specifying the appropriate dot size, the comparative measurement can be performed using the smallest 
possible dot size that does not induce the occurrence of moire. 

[0229] Since dot size is proportional to the resolution of the display device 14, the block size may be varied in ac- 
cordance with the resolution of the display device 1 4. The resolutions of common displays for PCs, including the display 
device 1 4 of the computer 10, include VGA (640 X 480), SVGA (800 X 600), XG A (1 024 X 768), SXG A (1 280 X 1 024), 
10 etc. 

[0230] A plurality of image data with different block sizes for different resolutions are stored as the calibration data 
108. In the profile creation apparatuses 21 , 22, and 23, the data are stored in the pattern image data holding unit 30. 
[0231] The user 116 can thus select the block size appropriate to the resolution of the display device 14. 
[0232] When the display device 1 4 is a CRT display, as described above, since the drawing frequency in the horizontal 

15 direction is higher than that in the vertical direction, the color luminance level may drop in the case of an image, such 
as the dot pattern image 46, that is complex in the horizontal direction. In such cases, the stripe pattern image 50 
schematically shown in Figure 32, consisting only of low-frequency horizontal lines extremely low in frequency in the 
horizontal direction, is used instead of the white/black dot pattern image 46. In the example of Figure 32 also, the white 
and black horizontal lines are identical in thickness (which means that the ratio between the black pixels and white 

20 pixels in the stripe pattern image 50 is 1:1). 

[0233] On the other hand, when the display device 1 4 is a liquid crystal display device or the like, the luminance level 
seldom drops if a horizontally complex pattern image is displayed. 

[0234] It is therefore preferable to select the image pattern according to the type of the display device 14, such as 
the stripe pattern image 50, when the display device 14 is a CRT display, and the checkerboard dot pattern image 46 

25 in the case of a liquid crystal display device or the like. 

[0235] As described above, in the display calibration system 100 shown in Figures 28 and 29, by responding to the 
question in the guidance message while viewing the images displayed on the display device 14 of the client 106, the 
user 116 can collect information representing the characteristics of the display device 14, on which the dot pattern 
image 46 and the pattern image 40 are displayed, without using a specialized measuring instrument. In this case, the 

30 calibration data used to obtain the information (calibration information) relating to the display device 14 need not be 
held at the client 1 06, but has only to be held in the calibration data holding unit 11 0 at the server 1 02, and the calibration 
of the display device 14 at every client 106 can be performed using the same calibration data 108. 
[0236] The display calibration system 100 shown in Figures 28 and 29 has been described for the case where the 
calibration of the display device 14 at the client 106 is performed by connecting the server 102 and the client 106 via 

35 the network 104, but the present invention is not limited to the system consisting of the server 102 and clients 106 
connected via the network 104; for example, the invention is also applicable to a system where personal computers, 
one as the first equipment and the other as the second equipment, are connected via the network 1 04. This also applies 
to the embodiments hereinafter described. 

[0237] Figures 33 and 34 show the configuration of yet another embodiment of the present invention. Figure 33 
40 illustrates the conceptual configuration of a display calibration system 120, and Figure 34 shows a specific example 
of the configuration of the display calibration system (designated by the same reference numeral 120). 
[0238] To avoid complication, in the display calibration systems hereinafter described, including the one shown in 
Figures 33 and 34, elements corresponding to those of the above-described display calibration system 100 are des- 
ignated by the same reference numerals, and detailed descriptions of such elements will be omitted. 
45 [0239] The display calibration system shown in Figures 33 and 34 comprises a server 102 and one or more clients 
106 connected to the server 102 via a network 104. 

[0240] The server 102 includes a calibration data holding unit 110 for holding therein calibration data 108 relating to 
the ICC profile Ip of the display device 1 4 provided at each client 1 06, a profile holding unit 1 22 for holding as a reference 
profile the ICC profile Ip (see Figures 51 and 52) as a CMS framework for color appearance matching, a profile mod- 
so ification unit 124 for modifying the ICC profile Ip, and a transmitting unit 112 and receiving unit 126 for performing data 
transfers to and from the client 106 via the network. As earlier described, the ICC profile Ip is used, for example, in 
ICM 1 .0 in the Windows environment and in ColorSync 2.0 in the Macintosh environment 

[0241] On the other hand, the client 106 includes a receiving unit 114, a display control unit 31 , a display calibration 
information collection unit 1 1 8, and a transmitting unit 1 28 for transmitting the data, collected by the display calibration 
55 information collection unit 11 8 and relating to the ICC profile Ip of the display device 1 4, as display calibration information 
to the server 102 via the network 104. 

[0242] Operation of the display calibration system 120 of Figures 33 and 34 will be described briefly In this system 
120, the profile modification unit 124 at the server 102 modifies the ICC profile Ip based on the ICC profile Ip held in 
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the profile holding unit 1 22 at the server 102 and on the data supplied from the display calibration collection unit 118. 
The modified ICC profile Ip is sent to the client 106 as an ICC profile Ip specific to the display device 1 4 on which the 
measurements were taken. By incorporating this ICC profile Ip into the display control unit 31 , the client 106 can match 
color appearance between images displayed on the display device 14 and images output on a different image input/ 
s output device, such as a printer, not shown. 

[0243] Next, the operation of the display calibration system 120 of Figures 33 and 34 will be described in further 
detail with reference to the flowchart diagrammatically shown in Figure 35. 

[0244] First, the calibration data 108 held in the calibration data holding unit 11 Oat the server 102 is transmitted from 
the transmitting unit 112 to the display control unit 31 via the network 104 and via the receiving unit 114 at the client 
10 106 (step S81). 

[0245] Next, at the client 106, the dot pattern image 46 and grayscale pattern image 42, as pattern images based 
on the calibration data 108, are displayed on the display device 14 along with a guidance message (question) (see 
Figure 31), and the user 116 responds to the question using the keyboard 16, etc. while viewing the displayed images 
(step S82). 

is [0246] This response is collected as display calibration information by the display calibration information collection 
unit 118, and the resulting display calibration information is transmitted from the transmitting unit 128 to the profile 
modification unit 124 via the network and via the receiving unit 126 at the server 102 (step S83). 
[0247] Upon receiving the display calibration information, the server 102 activates a profile modification program 
and modifies the contents of the ICC profile Ip by calculating the gamma characteristic, etc. as previously described 

20 (step S84). 

[0248] The modified ICC profile Ip is stored in the profile holding unit 1 22 by being associated with the display device 
14 ol the client 106 and, at the same time, is transmitted from the transmitting unit 112 via the network 104 to the 
receiving unit 1 1 4 at the client 1 06 for incorporation into the display control unit 31 (step S85). 

[0249] In this way, in the display calibration system 120 shown in Figures 33 and 34, the ICC profile Ip of the display 
25 device 14 of the client 106 can be obtained at the client 1 06, though neither data nor the modification program relating 
to the ICC profile Ip is held at the client 106. 

[0250] Figure 36 shows the configuration of a display calibration system 130 according to a further embodiment of 
the present invention. The display calibration system 130 differs in configuration from the display calibration system 
120 shown in Figure 34 in that the profile holding unit 122 for holding the ICC profile Ip is provided at the client 106, 
30 not at the server 102. 

[0251] In the display calibration system 1 30 of Figure 36, the ICC profile Ip held as a reference profile at the client 
106 is sent to the server 109 along with the collected display calibration information. At the server 102, the profile 
modification unit 124 modifies the ICC profile Ip, and the modified ICC profile Ip is sent back to the client 106. The 
modified profile Ip as a new reference profile is not only incorporated into the display control unit 31, but is also held 
35 in the profile holding unit 122. 

[0252] The display calibration system 1 30 of Figure 36 has the advantage that the server 102 need not to hold the 
ICC profile Ip corresponding to each client 106, and yet the server 102 can update the ICC profile Ip previously gen- 
erated for each specific client 106 and already used by that client 106. 

[0253] Though not shown here, in the display calibration system 1 30, the profile holding unit 1 22 may also be provided 
40 at the server 102, like the server 102 in the display calibration system 120 of Figure 34. In that case, if the ICC profile 
Ip held at the server 102 or the client 106 is corrupted unpredictably, the profile can be restored using the other ICC 
profile I p. 

[0254] In the display calibration systems 1 20 and 1 30 shown in Figures 34 and 36 where data are transferred in both 
directions, the Internet, a collection of interconnected networks all using the same protocol and same addressing sche- 
45 ma, is used as the network 104. 

[0255] In an example using the Internet, a World Wide Web (WWW) server (hereinafter also referred to as an http 
server) is used as the server 102 that sends data to the client 106. 

[0256] In that case, the calibration data 108 held in the calibration data holding unit 110 is written using a WWW 

programming language, such as HTML (hypertext markup language) or Java. 
50 [0257] Figure 37 shows the calibration data 108 in the form of an HTML source program for displaying an image 

consisting of the guidance message and the checkerboard dot pattern image 46 and grayscale pattern image 42 shown 

in Figure 31. When this source program is stored as the calibration data 108 at the server 102 as an http server, the 

user 116 can display an image based on the calibration data 106 shown in Figure 31 on a WWW browser such as 

Netscape Navigator or Internet Explorer by accessing the server 102. 
55 [0258] The server 1 02 as an http server takes as display calibration information the response that the user 116 sends 

by viewing the image displayed based on the calibration data 108, and modifies the existing ICC profile Ip using the 

profile modification unit 124. 

[0259] In a system using the Internet, electronic mail (E-mail) is used as a method of sending the ICC profile Ip to 
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the client 106 at the user 116. In this case, the functions of two servers, an http server for the WWW and a mail server 
(hereinafter called the SMTP server) for transferring mail, must be incorporated in the server 102. Of course, the http 
server and the SMTP server may be configured as different servers between which data are transferred. 
[0260] In the display calibration system (designated by reference numeral 120 or 130) using the Internet, when the 
5 client 106 accesses the server 102 as an http server by using a WWW browser, the server 102 sends the ICC profile 
lp by electronic mail to the E-mail address of the client 106. The client 106 extracts only the ICC profile Ip from the 
rece i vec j electronic mail and incorporates (installs) it into the display control unit 31 , etc. 

[0261] In the display calibration systems 1 20 and 1 30 shown in Figures 34 and 36, the ICC profile Ip is modified and 
generated at the server 102, but the configuration is not limited to the above example. Rather, the system may be 

10 configured in other ways, such as the display calibration system 132 shown in Figures 38 and 39. 

[0262] In this example, the server 102 sends the calibration data to the client 106, along with the source ICC profile 
Ip and a profile generation program, thereby enabling the profile modification unit 124 at the client 106 to generate an 
ICC profile Ip. The profile generation program is written using, for example, Java which is a programming language 
suited to the Internet WWW environment. The generation program is held at the server 102 as a WWW server, and 

is the generation program itself, using Java : is sent to the client 106 at the request of the client 106, thus enabling the 
profile generation program to be run on the CPU (not shown) of the client 106. 

[0263] In the above configuration, the display calibration information data for operating the profile modification unit 
124 which is implemented by the profile generation program need not be sent to the server 102 via the network 104, 
eliminating the need to use the CPU of the server 102 lor profile generation and thus alleviating the burden of the 

20 network 104 as well as the server 102. 

[0264] More specifically, as shown in the flowchart of 40, in the display calibration system 132 shown in Figures 38 
and 39, the ICC profile Ip, profile modification program, and calibration data 108 are sent from the server 102 to the 
client 1 06 (step S91 ), and the user 116 enters his response to the guidance message while viewing the image displayed 
based on the calibration data (step S92). Thereupon, the profile generation program is executed at the client 106, and 

25 the profile modification unit 124 modifies the ICC profile tp based on the result of the user's response (step S93). 

[0265] As earlier noted, Java can be employed as a programming language. On the Internet, a distributed data 
environment is realized. Data is held at each server 102, and data is transmitted at the request of the user 116. Java, 
developed as a network communication programming language, permits a Java program held at the server 102 to be 
sent to the user 116 along with the data requested by the user 116 so that the program can be run on the client 106, 

30 the computer at the user 116. 

[0266] The ICC profile Ip may be held at the client 1 06. An example of such a display calibration system 1 34 is shown 
in the block diagram of Figure 41. In the example of Figure 41, the server 102 sends the calibration data 108 to the 
client 1 06 along with the profile generation program, and the client 1 06 activates the profile modification unit 1 24 based 
on the profile generation program and modifies the ICC profile Ip based on the ICC profile Ip held in the profile holding 

35 unit 122. 

[0267] In ICM 1.0 for Windows 95 or Windows 98, ICC profiles Ip are stored in the predestgnated system-related 
folder (C:\Windows\System\Color). This is the same for ColorSync 2.0 for Macintosh. 

[0268] In view of this, in a display calibration system 136 according to a still further embodiment of the present 
invention shown in Figure 42, an install unit 138 is provided by which the ICC profile Ip modified by the profile modifi- 
40 cation unit 124 at the client 106 is automatically installed in the predestgnated system-related folder, saving the user 
116 the trouble of installing it himself. 

[0269] Figures 43 and 44 show the configuration of a still further embodiment of the present invention. The display 
calibration system 140 shown here is configured so that the user 1 116, based on the calibration data 108 sent from the 
server 102, can directly adjust the contrast, brightness, color temperature, convergence, monitor distortion, and other 
45 parameters that have significant effects on the display color of the display device 1 4, such as a CRT display, provided 
at the client 1 06. 

[0270] More specifically, this example aims at achieving a certain degree of color appearance matching, not by using 

the ICC profile Ip, but by generalizing the settings of the display device 14 relating to the ICC profile Ip. 

[0271] The operation of the display calibration system 140 will be described with reference to the flowchart of Figure 

50 45. First, the server 102 sends the calibration data 108 to the client 106 (step S101). 

[0272] The display control unit 31 presents the guidance and images (the dot pattern image 46 with a white/black 
ratio of 1 :1 and the grayscale pattern image 42 (grayscale patches 44a to 44i)) based on the calibration data 108 for 
display on the display device 14, the guidance containing messages "Compare the top and bottom images," "Adjust 
the display contrast so that the third patch from right in the bottom grayscale image becomes closest in density to the 

55 top image," and "You can easily tell if you look at the screen from a distance," as shown in Figure 46 (step S102). 

[0273] In accordance with the guidance, the user 116 sets the contrast adjusting control (button), etc. (not shown) 
so that the third grayscale patch 44 from right appears the same in density as the dot pattern image 46 (step S103). 
[0274] When all clients 106 connected to the network 104 have thus calibrated the respective display displays 14 in 
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accordance with the calibration data 108 sent from the server 102, the color output of every display device 14 becomes 
substantially the same. 

[0275] In the display calibration system 140 of Figures 43and 44, since the ICC profile lp is not usedforthe calibration 
of the display device 14, a certain degree of color appearance matching can be achieved in MS-DOS, UNIX, and other 
OS environments that do not support the ICC profile I p. 

[0276] That is, the display calibration system 140 can be applied to any client 106 connected to the network 104, 
regardless of the OS, since the display settings are adjusted using the control features provided in the display device 
14 itself and without creating the so-called device profile. 

[0277] When the display device 14 is, for example, a CRT display, the phosphors used therein deteriorate with time, 
degrading the crispness of displayed color. That is, the color that the display device 14 produces varies over time. 
Therefore, performing the calibration of the display device 14 (the adjustment of the ICC profile lp or the adjustment 
of contrast, etc.) only once is not sufficient, but recalibration must be performed periodically to compensate for variations 
in the characteristics of the display device 14 over time. 

[0278] Figures 47 and 48 show the configuration of a display calibration system 142 which permits the user to peri- 
's odic^ify update the profile of the display device 14 of the client 106. 

[0279] m inc display calibration system 142, the server 102 includes an internal clock 148 as a clock means, and 
elite i.mc tniormation generated by the internal clock 148 is supplied to a calibration dataAime information holding unit 
1^4 rts wen ns to a notification unit 146. The calibration date/time information holding unit 144 holds therein a man- 
agement t^Dic 150 or a management table 152 such as shown in Figure 49! The management table 150 consists of 
20 rt prcvioub Lni.brntion date/time storing section 153, a next calibration date/time storing section 154 for storing data 
iiidicrtiiry t-te Onie and time of the next calibration scheduled to be performed after the elapse of a predetermined 
period (predetermined time) from the date and time of the previous calibration, and a mail address storing section 1 55 
to* storing the mail address of the target client 106; the management table 152 consists of a next calibration date/time 
storing sec: ton 154 and a mail address storing section 155 for storing the mail address of the target client 106. 
25 [0280] The operation of the display calibration system 142 of Figures 47 and 48 will be described with reference to 
tho flowchart shown in Figure 50. 

[0281] The calibration date/time information holding unit 144 of the server 102 compares the next calibration date 
and time stored in the management table 150 or 152 with the present date and time supplied from the internal clock 
148 (stop R111) 

30 [0282] When the predetermined period has elapsed from the previous calibration date and time and the next cali- 
bration date and time has become equal to the present date and time, the notification unit 1 46 refers to the mail address 
stored in the storing section 155 and notifies the client 106 of the arrival of time to calibrate the display (step S112). 
[0283] When a request is returned from the client 106 in response to the notification, the server 102 transmits the 
calibration data 108 to the client 106 (step S11 3), stores the date and time of the transmission as new calibration date 
and time in the storing section 153, and updates the contents of the storing section 154 by adding the predetermined 
period to the new calibration date and time and thus creating the next calibration date and time data (step S114). The 
user 116 performs the calibration using the image displayed based on the calibration data 108 (step S115). 
[0284] In this way in the display calibration system 142 of Figures 47 and 48, data indicating the date and time of 
the ICC profile lp generated at each client 1 06 is held at the server 102 and, when a predetermined period has elapsed, 
a notification is sent to the corresponding client 106, urging it to perform the calibration of the display device 14. The 
client 106 creates the ICC profile lp in accordance with this notification, to eliminate the effects of display deterioration 
over time. 

[0285] Though not shown here, a configuration that permits the user to periodically adjust the contrast, etc. of the 
display device 14 can also be accomplished by replacing the display calibration information collection unit 118 at the 
client 106 by the display device 14 and by making provisions to send the calibration data from the display control unit 
31 to the display device 14 (see Figure 44). 
[0286] Electronic mail is preferably used as means for notifying the client 106. Electronic mail is the most commonly 
used notification means on the Internet. The E-mail address of the user 116 is stored in advance as the mail address 
of the client 106 and, when a predetermined period has elapsed, a mail message urging the user to perform the rec- 
so alibration of the display device is sent to the E-mail address. The E-mail address of the user 116 as the administrator 
of the display device is contained in the display calibration information and is fetched from the client 106 when the user 
performs an operation on the display calibration information collection unit 118. 

[0287] In this case also, the WWW is used to display the calibration data 108, as explained with reference to Figure 
30. The WWW realizes a multimedia display environment such as images, voice, characters, etc. WWW browsers are 
55 available for various platforms including Windows, Macintosh, and UNIX and, by writing the calibration data 108 with 
a WWW programming language such as HTML or Java, all the clients 106 connected to the Internet can be supported 
across different platforms. 

[0288] An example of the calibration data 108 held at the server 102 will be briefly described here. The contents of 
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the calibration data 1 08 are substantially the same as the contents of the data held in the pattern image data holding 
unit 30 and grayscale image data holding unit 32 in the profile creation apparatuses 21 , 22, and 23 (Figures 2, 14, and 
15), and the details will not be given here, but briefly, the server 102 is configured to send the best suited calibration 
data according to the type of the display device 14 provided at the client 106. 
s [0289] In an embodiment of the present invention, by displaying on a display device a pattern image consisting of a 
plurality of colors and a grayscale image consisting of a single color, there is achieved the effect that based on the 
displayed images, the input/output characteristic, i.e., the electro -optica I conversion characteristic, of a so-called dis- 
play such as a CRT display or a liquid crystal display can be measured and calculated in a simple manner at the user 
side. 

w [0290] Further, in an embodiment of the present invention, a pattern image consisting of a plurality of colors and a 
grayscale image consisting of a single color are displayed on a display device and, based on the displayed images, 
the input/output characteristic of the display is obtained, and the profile of the display is created based on the thus 
obtained input/output characteristic. This achieves the effect that the profile relating to the color appearance of the 
display device can be created by the user without using a specialized measuring instrument. 

15 [0291] Furthermore, in an embodiment of the present invention since the system is configured so that calibration 
data is sent from the first equipment to the second equipment via a network, adjustments relating to the display profile, 
etc. can be easily made by the user at the second equipment without the need to get specially prepared reference data. 
[0292] The invention may be embodied in other specific forms without departing from the spirit or essential charac- 
teristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restric- 

20 tive, the scope of the invention being indicated by the appended claims rather than by the foregoing description and 
all changes which come within the meaning and range of equivalency of the claims are therefore intended to be em- 
braced therein. 



25 Claims 

1 . A terminal configured to simultaneously display on a display device: 

a pattern image region consisting of first pixels of first luminance and second pixels of second luminance in 
30 prescribed proportions to provide prescribed luminance by an average luminance value taken over said first 

and said second pixels; and 

a grayscale image region consisting of pixels of uniform luminance. 

2. A terminal as claimed in claim 1 , wherein said grayscale image region is subdivided into smaller regions each 
35 having different luminance. 

3. A terminal as claimed in claim 1 or 2, wherein there is regularity in the arrangement of said first and said second 
pixels in said pattern image region. 

40 4. An input/output characteristic measurement method for a display device, comprising: 

a displaying step for simultaneously displaying on a display device a pattern image consisting of a plurality of 
colors and a grayscale image consisting of a single color lying between said plurality of colors; and 
an input/output characteristic deriving step for obtaining an input/output characteristic ol said display device 
45 based on the display of said pattern image and said grayscale image. 

5. An input/output characteristic measurement method for a display device as claimed in claim 4, wherein in said 
displaying step, 

50 said pattern image is displayed as an image consisting ol first pixels of first luminance and second pixels of 

second luminance in prescribed proportions to provide prescribed luminance by an average luminance value 
taken over said first and said second pixels, and 

said grayscale image is displayed as an image consisting of pixels of uniform luminance. 

55 6. An input/output characteristic measuremant method for a display device as claimed in claim 4 or 5, wherein the 
input/output characteristic obtained in said input/output characteristic deriving step is a gamma characteristic. 

7. An input/output characteristic measurement method for a display device as claimed in claim 4, wherein in said 
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displaying step, 



said pattern image is displayed as a stripe pattern image consisting of lines ol first pixels of first luminance 
and lines of second pixels of second luminance, said lines running parallel to the horizontal scanning direction 
5 of the screen of said display device, and 

said grayscale image is displayed as an image consisting of pixels of uniform luminance. 

8. An input/output characteristic calculation apparatus for a display device, comprising: 

10 a display device for displaying images; 

pattern image data holding means for holding as data a pattern image consisting of first pixels of first luminance 
and second pixels of second luminance in prescribed proportions to provide prescribed luminance by an av- 
erage luminance value taken over said first and said second pixels; 

grayscale image data holding means for holding as data a grayscale image consisting of pixels of uniform 
15 luminance; 

display control means for reading out said pattern image data and said grayscale image data from said pattern 
image data holding means and said grayscale image data holding means, and for simultaneously presenting 
said pattern image and said grayscale image for display on said display device; and 

input/output characteristic calculation means for obtaining an input/output characteristic of said display device 
20 based on the simultaneous display of said pattern image and said grayscale image. 

9. An input/output characteristic measurement apparatus for a display device as claimed in claim 8, wherein the input/ 
output characteristic obtained by said input/output characteristic calculation means is a gamma characteristic. 

25 10. An input/output characteristic calculation apparatus for a display device, comprising: 

a display device for displaying images; 

pattern image data holding means for holding as data a stripe pattern image consisting of lines of first pixels 
of first luminance and lines of second pixels of second luminance, said lines running parallel to the horizontal 
30 scanning direction of said display device; 

grayscale image data holding means for holding as data a grayscale image consisting of pixels of uniform 
luminance; 

display control means for reading out said pattern image data and said grayscale image data from said pattern 
image data holding means and said grayscale image data holding means, and for simultaneously presenting 
said stripe pattern image and said grayscale image for display on said display device; and 
input/output characteristic calculation means for obtaining an input/output characteristic of said display device 
based on the simultaneous display of said pattern image and said grayscale image. 



35 



11. A profile creation method for a display device, comprising: 

a displaying step for simultaneously displaying on a display device a pattern image consisting of a plurality of 
colors and a grayscale image consisting of a single color lying between said plurality of colors; 
an input/output characteristic deriving step for obtaining an input/output characteristic of said display device 
based on the display of said pattern image and said grayscale image; and 

a profile creation step for creating a profile for said display device based on said obtained input/output char- 
acteristic. 

12. A profile creation method for a display device as claimed in claim 11, wherein in said displaying step, 

said pattern image is displayed as an image consisting of first pixels of first luminance and second pixels of 
second luminance in prescribed proportions to provide prescribed luminance by an average luminance value 
taken over said first and said second pixels, and 

said grayscale image is displayed as an image consisting of pixels of uniform luminance. 

13. A profile creation method for a display device as claimed in claim 11 or 12, further comprising a color gamut 
information holding step for holding color gamut information indicating the range of colors reproducible on said 
display device, and wherein: 

said profile creation step creates said profile based on said input/output characteristic and said color gamut 
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information. 

14. A profile creation method for a display device as claimed in claim 13, wherein 

said color gamut information holding step holds color gamut information for a plurality of representative display 
devices, and 

said profile creation step selects color gamut information corresponding to said display device from among 
said color gamut information held for said plurality of representative display devices, and creates said profile 
based on said selected color gamut information and said input/output characteristic. 

15. A profile creation method for a display device as claimed in any one of claims 11 to 14, wherein the input/output 
characteristic obtained in said input/output characteristic deriving step is a gamma characteristic. 

16. A profile creation apparatus for a display device, comprising: 



H dispiny device for displaying images; 

p.vtcm image data holding means for holding as data a pattern image consisting of a plurality of colors; 
qr,iys:Hic image data holding means for holding as data a grayscale image consisting of a single color lying 
be wccn said plurality of colors; 
20 UivpUy control means for reading out said pattern image data and said grayscale image data from said pattern 

■ti^gc o^\a holding means and said grayscale image data holding means, and for simultaneously presenting 
sri d pattern image and said grayscale image for display on said display device; 

input output characteristic calculation means for obtaining an input/output characteristic of said display device 
b.ocd on ihc display of said pattern image and said grayscale image; and 
25 profile creation means for creating a profile for said display device based on said obtained input/output char- 

HC'CM^ttC 

17. A prohic creation apparatus for a display device as claimed in claim 16, wherein 

30 said pattern image is displayed as an image consisting of first pixels of first luminance and second pixels of 

second luminance in prescribed proportions to provide prescribed luminance by an average luminance value 
taken over said first and said second pixels, and 

said grayscale image is displayed as an image consisting of pixels of uniform luminance. 

35 18. A profile creation apparatus for a display device as claimed in claim 16 or 17, further comprising color gamut 
information holding means for holding color gamut information indicating the range of colors reproducible on said 
display device, and wherein: 

said profile creation means creates said profile based on said input/output characteristic and said color gamut 

information. 



19. A profile creation apparatus for a display device as claimed in claim 1 6 or 17 wherein 



color gamut information for a plurality of representative display devices is held as said color gamut information, 
and 

45 said profile creation means selects color gamut information corresponding to said display device from among 

said color gamut information held for said plurality of representative display devices, and creates said profile 
based on said selected color gamut information and said input/output characteristic. 

20. A profile creation apparatus for a display device as claimed in any one of claims 1 6 to 1 9, wherein said input/output 
so characteristic obtained by said input/output characteristic calculation means is a gamma characteristic. 

21. A profile creation apparatus for a display device as claimed in claim 16 or 17, wherein said input/output charac- 
teristic calculation means further obtains a gamma coefficient value, and calculates a plurality of input value versus 
output value relations based on said obtained gamma coefficient value : and 

55 said profile creation means creates the profile of said display device by including therein said calculated input 

value versus output value relations. 

22. A calibration method for a display device, comprising: 
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a calibration data transmitting step for transmitting calibration data from first equipment to second equipment 
via a network, said calibration data relating to a profile for a display device provided at said second equipment; 
a calibration image displaying step for displaying a calibration image and guidance based on said calibration 
data on said display device at said second equipment; and 

a display calibration information collecting step for collecting data relating to the profile of said display device 
when an operation is performed in accordance with said guidance. 

23. A calibration method for a display device, comprising: 

a calibration data transmitting step for transmitting calibration data from first equipment to second equipment 
via a network, said calibration data being held at said first equipment and transmitted in relation to a reference 
profile held at said first or said second equipment and applicable to a display device provided at said second 
equipment; 

a calibration image displaying step for displaying a calibration image and guidance based on said calibration 
data on said display device at said second equipment; 

a display calibration information collecting step for collecting data relating to the profile of said display device 
when an operation is performed in accordance with said guidance; and 

a reference profile modifying and holding step for modifying said reference profile at said second equipment 
or at said first equipment based on said collected display calibration information, and for holding said modified 
reference profile as a new reference profile at said first or said second equipment. 

24. A calibration method for a display device as claimed in claim 23, further comprising a profile incorporating step for 
automatically incorporating said new reference profile held at said first or said second equipment in said reference 
profile modifying and holding step into a profile created in compliance with an ICC profile in a color management 
system at said second equipment. 

25. A calibration method for a display device, comprising: 

a calibration data transmitting step for transmitting calibration data from first equipment to second equipment 
via a network, said calibration data relating to a profile for a display device provided at said second equipment; 
a calibration image displaying step for displaying a calibration image and guidance based on said calibration 
data on said display device at said second equipment: and 

a display adjusting means re-setting step for changing the setting of display adjusting means provided on said 
display device when said display adjusting means on said display device is operated in accordance with said 



26. A calibration method for a display device as claimed in claim 25, further comprising: 

a calibration data transmission date holding step for holding at said first equipment data indicating the month, 
day, and year that said calibration data relating to the profile of said display device provided at said second 
equipment was transmitted from said first equipment to said second equipment via said network in said cali- 
bration data transmitting step; and 

a calibration reminding notification transmitting step for transmitting a notification reminding said second equip- 
ment of the arrival of time to calibrate said display device, from said first equipment to said second equipment 
via said network when a predetermined period has elapsed from said calibration data transmission date. 

27. A calibration apparatus for a display device, comprising a network for data transmission, first equipment which 
stores and manages data, and second equipment which uses functions of said first equipment, wherein 

said first equipment includes calibration data holding means for holding therein calibration data relating to a 
profile for a display device provided at said second equipment, and 

said second equipment includes said display device, display control means for controlling a display to be 
produced on said display device, and display calibration information collecting means, and wherein, 
said display control means, upon detecting the arrival of said calibration data transmitted from said first equip- 
ment to said second equipment via said network, displays a calibration image and guidance based on said 
calibration data on said display device at said second equipment and, when an operation is performed on said 
display device in accordance with said guidance, said display calibration information collecting means collects 
data relating to the profile of said display device based on said performed operation. 



35 



guidance. 
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28. A calibration apparatus for a display device as claimed in claim 27, wherein said first equipment further includes 
profile holding means for holding therein a reference profile for said display device provided at said second equip- 
ment, and a profile modifying means for modifying said reference profile, 

said second equipment transmits the data relating to the profile of said display device, collected by said display 
calibration information collecting means, as display calibration information to said profile modifying means at 
said first equipment via said network, and 

said profile modifying means modifies said reference profile based on said transmitted display calibration 
information, and said profile holding means holds said modified reference profile as a new reference profile. 

A calibration apparatus for a display device as claimed in claim 27, wherein said first equipment further includes 
profile modifying means for modifying the profile of said display device provided at said second equipment, 

said second equipment further includes profile holding means for holding therein a reference profile for said 
is display device provided at said second equipment, 

when transmitting the data relating to the profile of said display device, collected by said display calibration 
information collecting means, as display calibration information to said profile modifying means at said first 
equipment via said network, said second equipment also transmits said reference profile held in said profile 
holding means, 

20 said profile modifying means modifies said transmitted reference profile based on said transmitted display 

calibration information, and 

said first equipment transmits said modified reference profile to said second equipment, and said profile holding 
means holds said modified reference profile as a new reference profile. 



25 30. A calibration apparatus for a display device as claimed in claim 29, further comprising profile incorporating means 
for automatically incorporating said new reference profile held in said profile holding means into a profile created 
in compliance with an ICC profile in a color management system at said second equipment. 

31. A calibration apparatus for a display device, comprising a network for data transmission, first equipment which 
30 stores and manages data, and second equipment which uses functions of said first equipment, wherein 

said first equipment includes calibration data holding means for holding therein calibration data relating to a 
profile for a display device provided at said second equipment, and 

said second equipment includes said display device, display control means for controlling a display to be 
35 produced on said display device, and display adjusting means, and wherein, 

said display control means, upon detecting the arrival of said calibration data transmitted from said first equip- 
ment to said second equipment via said network, displays a calibration image and guidance based on said 
calibration data on said display device at said second equipment, and said display adjusting means is operated 
in accordance with said guidance. 

40 

32. A calibration apparatus for a display device, comprising a network for data transmission, first equipment which 
stores and manages data, and second equipment which uses functions of said first equipment, wherein 

said first equipment includes calibration data holding means for holding therein calibration data relating to a 
profile for a display device provided at said second equipment, calibration data transmission date holding means 
45 for holding therein data indicating the month, day, and year that said calibration data was transmitted to said second 

equipment, and calibration reminding notification transmitting means for transmitting a notification reminding said 
second equipment of the arrival of time to calibrate said display device, from said first equipment to said second 
equipment via said network when a predetermined period has elapsed from said calibration data transmission date. 

50 33. A calibration apparatus for a display device as claimed in claim 32, wherein said first equipment further includes 
• an electronic mail server for sending electronic mail, and an electronic mail address holding means for holding 
therein an electronic mail address of said second equipment, and 

said calibration reminding notification transmitting means transmits said calibration reminding notification to 
said electronic mail address via said electronic mail server. 
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34. A recording medium recording a program for implementing the steps of: 

displaying pixels of first luminance and pixels of second luminance in prescribed proportions in a first region 
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of a screen; and 

displaying a grayscale image consisting of pixels of uniform luminance in a second region of said screen. 
35. A recording medium recording a program for implementing the steps of: 

displaying pixels of first luminance and pixels of second luminance in prescribed proportions in a first region 
of a screen of an apparatus; 

displaying in a second region of said screen a grayscale image consisting of a plurality of smaller regions each 
containing pixels of uniform luminance, the luminance varying from one smaller region to the next; 
determining which of said smaller regions has been selected from said grayscale image; and 
calculating an input/output characteristic of said apparatus in accordance with said selected smaller region. 
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Fig. 6 
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Fig. 12 
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Fig.13 
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Fig. 16 
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COMPARE THE TOP AND BOTTOM IMAGES. 

WHICH BOTTOM IMAGE APPEARS CLOSEST 
TO THE DENSITY OF THE TOP IMAGE? 
YOU CAN EASILY TELL IF YOU LOOK AT 
THE SCREEN FROM A DISTANCE. 
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YOU CAN EASILY TELL IF YOU LOOK AT 
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